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SIGNA MR CASE STUDY 








Fig. 1—T1 weighted sagittal image 
demonstrates a high signal intensity 
lesion posterior to the uterus. 

(TR 800, TE 20) 








Fig. 2a-b—Proton density and T2 
weighted axial images clearly show 
two 3 cm endometriomas posterior 
to the uterus with characteristic high 
Signal intensity. (Fig. 2a: TR 2000, 

TE 20; Fig. 2b: TR 2000, TE 80) 


Clinical diagnosis of 
recurrent endometriosis 





he potential of high field mag- 

netic resonance (MR) imaging 

to clearly visualize female pelvic 
anatomy is proving to be of value in 
the clinical diagnosis of endometriosis. 

As these Signa® system images 

demonstrate, high spatial resolution 
and global imaging enable physicians 
to confidently document pelvic lesions 
without invasive methods or 
laparoscopies. 


Case study 

A 28-year-old female with a history 
of endometriosis and a colectomy for 
Crohn's disease presented with pelvic 
pain. 

Pelvic examination was negative. 
An ultrasound exam was obscured by 
bowel gas. A CT scan was difficult to 
interpret due to presumed unopacified 
bowel. Repeat CT scans indicated the 
soft tissue present to be mostly bowel 
and uterus. Surgical clip artifacts from 
the prior colectomy obscured the retro- 
uterine anatomy. A laparoscopy was 
contraindicated, as the patient was 
predisposed to fistula formation. 








MR exam 

As diagnosis of endometriosis could 
not be determined due to lack of doc- 
umentation, the patient was referred 
to a Signa user for an MR exam. 
Sagittal T1 (Fig. 1), axial proton densi- 
ty and T2 weighted images (Fig. 2a-b) 
demonstrated two large lesions that 
were obscured on the CT scans. Re- 
Current endometriosis was diagnosed. 
The patient was placed on hormonal 
medication, with subsequent resolu- 
tion of pelvic pain and lesion size. 


Conclusions 

MR imaging clearly documented 
the extent of endometriosis without in- 
tervention. Due to its potential for see- 
ing tiny endometriotic implants, 
magnetic resonance can provide a 
more consistent method of diagnosis 
and spare patients the need for 
repeated laparoscopies. 
Acknowledgement: Shirley McCarthy M.D., Ph.D., 


Depi. of Diagnostic Radiology, Yale University 
School of Medicine, New Haven, CT. 





Signa...the MR reference point 

For referring physicians of all 
specialties, Signa sites are the 
reference point for optimal image 
quality across the broadest range of 
applications in MR. 

To receive a detailed discussion 
of the case presented here, call GE 
Medical Systems at 1-800-624-5692 
and request MR Clinical Symposium 
No. 7233. We will also be glad to 
provide a list of the Signa sites in 
your area. 
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Fig. 1—T1 weighted sagittal image 
demonstrates a high signal intensity 
lesion posterior to the uterus. 

(TR 800, TE 20) 





Fig. 2a-b—Proton density and T2 
weighted axial images clearly show 
two 3 cm endometriomas posterior 
to the uterus with characteristic high 
signal intensity. (Fig. 2a: TR 2000, 

TE 20; Fig. 2b: TR 2000, TE 80) 
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demonstrate, high spatial resolution 
and global imaging enable physicians 
to confidently document pelvic lesions 
without invasive methods or 
laparoscopies. 


Case study 

A 28-year-old female with a history 
of endometriosis and a colectomy for 
Crohn's disease presented with pelvic 
pain. 

Pelvic examination was negative. 
An ultrasound exam was obscured by 
bowel gas. A CT scan was difficult to 
interpret due to presumed unopacified 
bowel. Repeat CT scans indicated the 
soft tissue present to be mostly bowel 
and uterus. Surgical clip artifacts from 
the prior colectomy obscured the retro- 
uterine anatomy. A laparoscopy was 
contraindicated, as the patient was 
predisposed to fistula formation. 


Signa...the MR reference point 

For referring physicians of all 
specialties, Signa sites are the 
reference point for optimal image 
quality across the broadest range of 
applications in MR. 

To receive a detailed discussion 
of the case presented here, call GE 
Medical Systems at 1-800-624-5692 
and request MR Clinical Symposium 
No. 7233. We will also be glad to 
provide a list of the Signa sites in 
your area. 
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MR exam 

As diagnosis of endometriosis could 
not be determined due to lack of doc- 
umentation, the patient was referred 
to a Signa user for an MR exam. 
Sagittal T1 (Fig. 1), axial proton densi- 
ty and T2 weighted images (Fig. 2a-b) 
demonstrated two large lesions that 
were obscured on the CT scans. Re- 
Current endometriosis was diagnosed. 
The patient was placed on hormonal 
medication, with subsequent resolu- 
tion of pelvic pain and lesion size. 


Conclusions 

MR imaging clearly documented 
the extent of endometriosis without in- 
tervention. Due to its potential for see- 
ing tiny endometriotic implants, 
magnetic resonance can provide a 
more consistent method of diagnosis 
and spare patients the need for 
repeated laparoscopies. 
Acknowledgement: Shirley McCarthy M.D., Ph.D., 


Dept. cf Diagnostic Radiology, Yale University 
School of Medicine, New Haven, CT. 
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methods, results, and conclusions of the study. Include actual 
data. 

Introcuctian. Briefly describe the purpose of the investiga- 
x, tion, inciuding relevant background information. 
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urpose and the outcome of the study. When results differ 
those of previous investigators, explain the discrepancy. 












A9 


AUTHOR’S CHECKLIST 


For priority handling, complete the following checklist, 
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One copy has been retained by the author. 
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nical notes, pictorial essays, or letters to the Editor have been 
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not justified. 

—_____ All manuscript pages are numbered consecutively 
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_______ Informed consent has been obtained from patients 
who participated in clinical investigations. If experiments were 
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to a minimum. When abbreviations are used they are defined 
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Study; acknowledgment of grant or other assistance. The 
corresponding author is clearly identified, and a current ad- 
dress and phone number are given. 

—____ Two copies of a blind title page are included giving 
only the title (without the authors’ names) for use in the review 
process. 


Abstract 


—___— An abstract of approximately 200 words concisely 

States the purpose, methods, and results of the study in one 

paragraph. Actual data are included. 

_______ No abbreviations or reference citations are used. 
Conclusions are stated in a second, summary par- 
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Opinions, Commentaries, and Perspectives 
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A case report is a brief description of a special case that 
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ware with concurrent processing and you can handle three to four 
complete patient studies per hour, routinely. 


1200 EXPERT . . . Why Settle For Less? 
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Curl od structures such as the spinal cord, aorta. 
or nerve roots can be displayed in a single refor 
matted plane. by simply defining the curve with 
the cursor 
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A composite three-dimensional display of both bone 
and soft tissue allows the spinal cord and nerve 
roots to be visualized through a transparent dis- 
play of the spine. 





Full data display of a reformatted image gives 
referring physicians a complete view of an area of 


interest. 


These views can be saved on disk or adr- 


chived to tape for instant review: 


PICKER 


THE IMAGE OF EXCELLENCE 


from Squibb Diagnostics... 


a an advance for contrast studies 
pr of the urinary tract. 





The ISOVUE LV.P. 





lopamidol injection ó 


or excretory urogr 





In excretory urography 


Nonionic ISOWGE ::300 


Iopamidol INjEction 6i» 


*Diatrizoate meglumine and diatrizoate sodium injection 
(292 mgl/mL). 
‘Data on file, Squibb Institute for Medical Research. 


As with all injectable contrast agents, the possibility of severe 


adverse reactions should be borne in mind. (See brief 
summary of prescribing information on adjacent page for 
WARNINGS, PRECAUTIONS, and ADVERSE REACTIONS.) 


This product is under license from Bracco Industria Chimica, S.p.A. 


U.S. Patent #4,001,323 


Please see brief summary of prescribing information 
on adjacent page. 
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Compare it to 
an ionic* 


E Lower osmolality. 





Æ Half the incidence of adverse reactions, 
e.g., nausea, vomiting, warmth (13 out of 
43 ISOVUE patients compared to 28 out of 
41 DIZ patients).1 


E Improved patient tolerance may make 
procedures flow more smoothly. 


M Image quality that equalled or surpassed 
(in the parenchyma and calyces) that of the 
ionic control in a blinded comparison study. 
(All examinations with both drugs were of 
diagnostic quality.}' 


Compare it to 
other nonionics 


M Lowest viscosity nonionic at 300 mgl/mL 
— 4.7 cP @ 37°C. 


E Lowest osmolality nonionic at 


300 mgl/mL — 616 mOsm/kg water @ 37°C. 


Careful comparisons 
lead to 


ISOVGE 


lopamidol injection 


647-502 

















lopamidoi injector 76% 


DESCRIPTION —SCVUE (iopamidotinjection) is a nonionic radiopaque contrast me- 
dia for diagnesticuse. The formulatiens are stable, aqueous, sterile, and nonpyrogenic 
solutions for introvescular administration. Each mL of ISOVUE-300 (iopamidol injec- 
tion 61%) provides 512 mg iopamidii with 1 mg tromethamine and 0.39 mg edetate 
calcium disodium. The solution contains approximately 0.037 mg (0.002 mEq) so- 
dium and 306 meorganicalty bound iodine per mL. Each mL of SOVUE-370 (iopamidol 
injection 76%} provides 755 mg iopamidol with 1 mg tromethamine and 0.48 mg edatate 
calcium disodium. The solution coatains approximately 0.046 mg (0.002 mEq) so- 
dium and 379 me osganically bouncodine per mL. The pH has been adjusted to 6.5 to 
7.5 with hydrochsone acid. 


CONTRAINBICATIONS — None. 


WARNINGS -Use caution in patients with severely impaired renal function, combined 
renal and‘henatiz disease, or anuria, particularly when larger doses are administered. 
Radiopaquediaxincstic contrast agents are potentially hazardous in patients with mul- 
tiple myeloma o other paraproteinemia, particularly in those with therapeutically re- 
sistant anuria. [thas been speculated that the combination of the contrast agent and 
dehydration:ma be causative of anuria in myelomatous patients. This risk is nota 
contraindicatior.. however, special precautions are required. Contrast media may pro- 
mote sickling in n¢ividuals who arenomozygous for sickle cell disease when injected 
intravenousiy owintraarterially. Administration to patients known or suspected of hav- 
ing pheochromecvtoma should be. performed with extreme caution. if the possible 
benefits outweigh the considered risks, the procedures may be performed, however, 
the amountof te medium injected should be kept to an absolute minimum. Assess 
blood pressure throughout the procedure and have measures for treatment of a 
hypertensive cesis available. Monitor such patients very closely. Use caution in pa- 
tients with fyperthyroidism or withean autonomously functioning thyroid nodule be- 
cause ofrisk offhwroid storm. 


PRECAUTIONS: General—Diagnostic procedures should be carried out under the 
directior-ofpersornel with the prerequisite training and a thorough knowledge of the 
particular procedure to be performed. Appropriate facilities should be available for 
coping withanywcamplication of the procedure, or for emergency treatment of severe 
reaction:to the agent itself. After parenteral administration, competent personnel and 
emergencydacvities should be available for at least 30 to 60 minutes since severe 
delayed reactions may occur. Preparatory dehydration is dangerous and may con- 
tribute to. asuteeval failure in susceptible patients. Patients shouid be well hydrated 
prior to andollewing administratio::. Reactions to the medium, including serious, tife- 
threatening, fatal, anaphylactoid o cardiovascular reactions, should always be con- 
sidered {see ADVERSE REACTIONS in the product package insert). Patients at 
increased risk aiclude those with a history of a previous reaction to a contrast me- 
dium, a known sensitivity to iodine per se, and a known clinical hypersensitivity (oron- 
chial asthma, hey tever, and food alfergies). Pretesting cannot be relied upon to predict 
severe reactions and may itself be hazardous for the patient. A thorough medical 
history with eropkasis on allergy and hypersensitivity prior to the injection of any 
contrastmedium may be more predictive and accurate than pretesting. Premedication 
with antihistammes or corticosteroids to avoid or minimize possible allergic reactions 
in such patients snould be considered. General anesthesia may be indicated in some 
procedures in selected patients; 2owever, a higher incidence of adverse reactions 
has been repceted in anesthetized patients, which may be attributable to the inability 
of the patient te identify untoward symptoms, or to the hypotensive effect of anesthe- 
sia which can reduce cardiac ousput and increase the duration of exposure to the 
agent. Even though the osmolality is low compared to diatrizoate or iothalamate based 
ionic agents oxcomparablie iodine concentration. the potential transitory increase in 
the circalator yosmotic load in patents with congestive heart failure requires caution 
during injectio. Observe these patients for several hours following the procedure. In 
angiographic arocedures, be aware of the possibility of dislodging plaques or dam- 
aging or perfosating the vessel wail during catheter manipulations and contrast me- 
dium injiectior: Test injections to ensure proper catheter placement are suggested. 

The inhibitory effects of noniosic contrast media on mechanisms of hemostasis 
have beereshewr: in vitro, to be less than ionic contrast media at comparable concen- 
trations. For this reason, standard angiographic procedures should always be followed: 
angiographic eatheters should beflushed frequently, and prolonged contact of blood 
with contrast ir syringes and catheters should be avoided. Perform selective coronary 
arteriography ony in those in whem the expected benefits outweigh the procedural 
risk. The ighesent risks of angiocardiography in patients with chronic pulmonary em- 
physema must be weighed against the necessity for performing this procedure. 
Angiography snauld be avoided whenever possible in patients with homocystinuria, 
because cf the risk of inducing thrombosis and embolism. 


Drug Interactions—Renal toxicityhas been reported in a few patients with liver dys- 
function who were given oral cholecystographic agents followed by intravascular con- 
trast agents. Administration of intravascular agents should therefore be postponed in 
any patient wah a known or suspected hepatic or biliary disorder who has recently 
received 4 cholecystographic centrast agent. Other drugs should not be admixed 
with iogamidc. 


Drug/Laboratory Test Interacticns—P8l and radioactive iodine uptake studies will 
not accuratel» re‘lect thyroid function for up to 16 days following administration, how- 
ever Tressin uptake and total or tree thyroxine (14) assays are not affected. Any test 
which might be affected by contrast media should be performed prior to administra- 
tion of thescortrast media. 


Carcinogenesis. Mutagenesis, Impairment of Fertility—in animal reproducticn stud- 
ies performec on rats, intravenously administered iopamidol did not induce adverse 
effectsornfer Hity or general repreductive performance. in studies to determine muta- 
genic activity, opamidoal did not cause any increase in mutation rates. 


Pregnancy Category B—No terasogenic effects attributable to iopamidol have been 
observed in :eretology studies performed in animals. There are, however, no ade- 
quate enchwe® centrolied studies in pregnant women. itis not known whether iopamidol 
crosses the caacental barrier or reaches fetal tissues. Because animal studies are not 
alwayS:predietive of human response, this drug should be used during pregnancy 
only if clearly needed. Radiologic procedures involve a certain risk related to the 
exposureof the fetus to ionizing radiation. 


Labor ani Dejivery—it is not known whether use during labor or delivery has immedi- 
ate or delaye adverse effects on the labor, the delivery or the newborn. 


Nursing Motbers—It is not known whether iopamidol is excreted in human milk. Use 
caution whee centrast media are administered to nursing women because of poten- 
tial adverse actions; consideration should be given to temporarily discontinuing 
MES. 

Pediatric Us Safety and effectiveness in children have not been established. 
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Gardiography..o¥/ Patents), Me agverse reacuons WIN an ESUN HRAJUNUU vt vie 
percent or higher are: hot flashes 3.4%; angina pectoris 3.0%: flushing 1.8%; brady- 
cardia 1.3%; hypotension 1.0%; hives 1.0%. Intravascular injection is frequently associ- 
ated with the sensation of warmth and pain, especially in peripheral arteriography; pain 
and warmth are fess frequent and less severe with ISOVUE (iopamidol injection) than 
with diatrizoate meglumine and diatrizoate sodium injection. The following table of 
incidence of reactions is based on clinical studies with ISOVUE in about 1835 patients. 


Adverse Reactions 
Estimated Overali Incidence 
System > 1% O ee % _ 
Cardiovascular none tachycardia 


hypotension 
hypertension 

myocardial ischemia 
circulatory collapse 

S-T segment depression 
bigeminy 

extrasystoles 

ventricular fibrillation 
angina pectoris 
bradycardia 

transient ischemic attack 
thrombophlebitis 


pain (1.7%) vasovaga! reaction 
burning sensation (1.4%) Singling in arms 
grimace 
faintness 


Nervous 


nausea (1.2%) vomiting 


anorexia 


Digestive 


throat constriction 
dyspnea 
pulmonary edema 


Respiratory none 


Skin and Appendages none rash 
urticaria 
pruritus 
flushing 


headache 

fever 

chilis 

excessive sweating 
back spasm 


Body as a Whole hot flashes {1.5%} 


taste alterations 

warmth in threat/arms/chest 
nasal congestion 

visual disturbances 


Special Senses warmth (1.1%) 


Urogenital none urinary retenton 

Regardless of the agent employed, overall estimated incidence of serious adverse 
reactions is higher with coronary arteriography than with other procedures. Cardiac 
decompensation, serious arrhythmias, or myocardial ischemia or infarction may oc- 
cur during coronary arteriography and left ventriculography. Following coronary and 
ventricular injections, certain electrocardiographic changes (increased QTc, increased 
R-R, T-wave amplitude) and certain hemcedynamic changes (decreased systolic pres- 
sure) occurred less frequently with ISOVUE (iopamidol injection) thar: with diatrizoate 
meglumine and diatrizoate sodium injection; increased LVEDP occurred less frequently 
after ventricular iopamidol! injections. In aortography, the risks of procedures also 
include injury to the aorta and neighboring organs, pleural punctures, renal damage 
including infarction and acute tubular necrosis with oliguria and aruria, accidental 
selective filling of the right renal artery during the translumbar procedure in the pres- 
ence of preexisting renal disease, retroperitoneal hemorrhage from the transiumbar 
approach, and spinal cord injury and pathology associated with tre syndrome of 
transverse myelitis. Adverse effects reported in literature include arrhythmia, arterial 
spasms, hematuria, periorbital edema, involuntary leg movement, malaise, and 
triggering of deglutition; some of these may be procedural. Other reactions due to 
procedural hazards include hemorrhage or pseudoaneurysms at the puncture site, 
brachial plexus palsy following axillary artery injections, chest pain, myocardial 
infarction, and transient changes in hepatorenal chemistry tests; and rarely arterial 
thrombosis, displacement of arterial plaques, venous thrombosis, dissection of the 
coronary vessels and transient sinus arrest. 


General Adverse Reactions To Contrast Media—Reactions known to occur with par- 
enteral administration of iodinated ionic contrast agents (see the listing below) are 
possible with any nonionic agent. Life-threatening reactions and fatalities, mostly of 
cardiovascular origin, have occurred. Reported incidences of death trom the admin- 
istration of other iodinated contrast media range from 6.6 per 1 million (0.00066%) to 1 
in 10,000 patients (0.01%). Most deaths occur during injection or 5 tc: 10 minutes later, 
the main feature being cardiac arrest with cardiovascular disease as the main aggra- 
vating factor. Isolated reports of hypotensive collapse and shock fest. 0.005%) are 
found in the literature. Experience with iopamidol suggests there is much less dis- 
comfort (e.g., pain and/or warmth) with peripheral arteriography. Fewer changes are 
noted in ventricular function after ventriculography and coronary arteriography. The 
reported incidence of adverse reactions to contrast media in patients with a history of 
allergy is twice that for the general population; patients with a history of previous 
reactions to a contrast medium are three times more susceptible. Most reactions to 
intravascular contrast agents appear within 1-3 minutes after the stat of injection, but 
delayed reactions may occur (see PRECAUTIONS, General}. Acverse reactions 
reported with other intravascular contrast agents and theoretically possible with 
iopamidol include: Cardiovascular: vasodilation, cerebral hematomas. petechiae; Nerv- 
ous: paresthesia, dizziness, convulsions, paralysis, coma; Respiratory: increased 
cough, asthma, laryngeal edema, pulmonary edema, bronchospasm, rhinitis; Skin 
and Appendages: injection site pain usually due to extravasation and/or erythematous 
swelling, skin necrosis; Urogenital: osmotic nephrosis of proximal tubular cells, renal 
failure, pain; Special Senses: bilateral ocular irritation: lacrimaton; conjunctival 
chemosis, infection, and conjunctivitis; Other: neutropenia, thrombophlebitis, flushing, 
pallor, weakness, severe retching and choking, wheezing, cramps, tremors, and 
sneezing. 


For full prescribing information consult package insert. (J3-652D) 
Under license from Bracco Industria Chimica S.p.A. U.S. Patent #4,001,323 


issued: May 1987 
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Now, more than ever, choosing an 
imaging equipment manufacturer is a 
critical decision. Consider what GE 
has to offer: 


A compiete line of imaging 
systems that meet your clinical 
demands as well as your economic 
considerations. And 
provide the high 
quality imaging 
that attracts 
and maintains 


referrals. 


Unequaied 
service 
strengih 
that ensures 
continuity of 
care and 
cost-efficient 
operation. We have over 2,400 
service engineers in the US. alone. 
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Financial 

services. For 30 
years weve provided 
umque financing 
programs to the 
healthcare industry — 
for example 
Maxiservice,” which 
combines equipmeni 


C financing, service 


and insurance protection in one plan. 


Continuing technological 
advances through work at our 
corporate 
Research 
and Devel- 








Laboratory ae | 
and our research agreements with more 
than 200 clinical sites. 


Stability. For 91 years, GE has 
remained a strong, viable resource for 
the medical community. 


Consider all we have to offer. And 
then consider the future. Theres never 
been a better time to choose GE. 
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GE Medical Systems 








MORE "AGNOSTIC DETAIT-.. 


LESS RADIATION | EXPOSURE 


FULL-SPINE. Full-spine 
scoliosis exam using 
compensation filters (as 





CLEAR-Pb Filter ends ` ee burn-out.” 


recommended by the FDA 
to reduce exposure). Note 
ideal density throughout 


the spinal column. 





DECUBITUS. Right lateral decubitus 


radiograph with double contrast (barium and air), 





CHEST. Chest radiograph taken with CLEAR-Pb 
Chest Filter. Reveals all details of lungs and 
mediastinum. 





LONG-LEG. Long-leg 
radiograph (weight-bearing) 
obtained with uniform-speed 
screens and a CLEAR-Pb Long- 
Leg filter. Note the even film 
density from hips to ankles. 


Radiography Takes a Giant Step Forward with 


CLEAR- shad j 





Magnetic mounting system 
allows instant adjustment 
of lightweight filter 


a more uniform film density. 


Reduce patient exposure by 
selectively attenuating the 
x-ray beam. 


Reduce the need for multiple 
exposures. 


Transparent lead-plastic filters never 
block the collimator light field. 


Easy to use; mount to any collimator. 


For details on our full line of 
Image Compensators, 
request Bulletin 361-C. 
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dramatically. 


Try a CLEAR-Pb Filter. You will find one available for 
most routine exams. There's no easier or better way 
to obtain superb images 





* 100% 


meet your expectat 


TRANSPARENT X-RAY COMPENSATION FILTERS 


Improve image quality by providing Finally there's an easy way to solve your imaging 
sieblesns. With a CLEAR-Pb Filter you are assured 
of top-quality images the first time 
Over and under-penetration of the patient are 


eliminated, and important details are improved 


GUARANTEED!” 


SATISFACTION GUARANTEED! 
CLEAR-Pb Filter and use it for 30 days. If it doesn't 
ions, return it for full credit. 


NUCLEAR ASSOCIATES 


VICTOREEN 


A Division of VICTOREEN, INC 

100 VOICE ROAD 

CARLE PLACE, NY 11514-1593 
(516) 741-6360 ; 
A Subsidiary of Sheller-Globe SG 


THE BREAKTHROUGH IN IMAGE COMPENSATORS 


every 


vac-O-Kwik 
- advantages 
are as clear as the 
Xray you get. 


Use this checklist to compare other bowel preps: 


i EVAC-Q-KWIK Other Preps 
| Taste Pleasant, cherry flavor 
Fluid intake 
Recor stitution 


Enema 





Cost Low 


Adminstration time 6 hours 


‘Sugar 
Alcohol 





Sədium content 


— amv -4 e C y Or A-Tay. INO start u ne or X ra i cepa RERE 

Es means better work flow, cost containment and patient 

comfort. 
F Everything is in the kit, including easy-to-follow 

instruetiens. No mixing, no enemas, no alcohol, no 

sugar, low sodium... and low cost. Easy to use for bet- 

ter compliance. 

Seeing is believing. Give Evac-Q-Kwik a trial. 


There's more. 

Take advantage of our service materials: 
L] Inservice film for nurses [O Multi-language instruc- 
tion sheets [] Radiology work sheets O “What to 
expect” booklet for patients. Ask your Adria Represen- 
tative, or Crop us a line. Adria Laboratories, Columbus, 
Ohio 43215. 


Evac-Q-Kwi 


Clean colon, clear advantages. 
Adria ` 


Adria Laboratories 
Columbus, OH 43215 
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S&S STATE-OF-THE-ART 
MAMMOGRAPHIC EQUIPMENT 






























Unmatched illumination 
excellence plus versatile 
applications make 


Far superior to stationary 
grid techniques, the 
S&S Moving Grid Bucky 


this series THE has been specifically 
State-of-the-art designed for simple 
equipment conversion of existing 


for 


non-bucky equipment 
viewimg 


—at a fraction of the 
cost of a totally new 
mammography unit. 


This state-of-the-art 
add-on system 
eliminates grid 
lines, greatly 
improves 
contrast 


8x10 
(18x24cm) 
or 10x42 

(24x30cm) 
mammographs. 


F single intensity 
uniform light source 
provides brighter 
illumination per panel. 
The tow leakage trigger 
Start ballast delivers 
constant “instant-on.” 


S&S state-of-the-art 
features include a 








and 


continuous gravity grip; | dramatically 
|-piece plexiglas viewing improves 
panel per tier; and on/off micro- 
rocker switches to calcification 


contrcl individual panels. 
Optional film actuated 
switches are available. 


visibility. 


The 5:1 grid ratio 
reduces scatter radiation 


Maximum flexibility is up to 70%, and lowest 
ffered. 1- k width R | ossible dose rates 
ia ngs Bepe ee iNew Vertifile Systems ore ensured by carbon 
can be either surface or specifically designed to store fibre grid and cover 
recess mounted. Also, mammographs are also available, construction. 


2-tier mounting brackets 
allaw fixed angulation 
for even more versatility. 
Each tier is constructed 
of |-piece heavy-duty 
steel for longevity. 


Adaption of the S&S 
bucky to the film 
plateau of existing 
mammography 
equipment is 
accomplished with 2 
adjustable side clamps 
(supplied). 


Model MB12 is available 
for use with 18x24cm 
film. Model MB24 serves 
24x30cm film. 


NY State, phone: 
718/ 649-8500 


E'sewhere, phone: 
800/221-6634 





S&S X-RAY PRODUCTS, INC. 


See Us At RSNA Booth 2003 1101 Linwood Street CIRCLE 9 ON READER SERVICE CARD 
Brooklyn, NY 11208 
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Get the complete story 


on the new medical technologies 
and instrumentation of today...and 


tomorrow 


MEDICAL & 
INSTRUMENTAT ION 


MEDICAL INSTRUMENTATION 


 OURNAL OF THE ASSOCIATION FORTHE 


STRU ME NTATION 








The official journal of the Association for the Advancement of Medical Instrumentation 


Editor-in-Chief: 


If you are involved in the design, manufacturing, 
clinical application, specification, regulation, or 
administrative facets of medical device technology, 
make MEDICAL INSTRUMENTATION the first 
journal you reach for when you want the latest 
developments, innovations, and advances in this 
fast-paced field. 

Each bimonthly issue alerts you to trends and 
forecasts in the development, design, regulation, 
and clinical applications of medical instruments, 
devices, and systems. Original papers and timely 
articles help you keep pace with changes in the field 
that can have great effect on your work...new 
government standards and codes...new clinical 
uses...new approaches to enhancing quality, relia- 
bility, safety... key technologic breakthroughs 

..and more. 

Several special issues yearly are carefully planned 

around a single topic of current interest. Recent 





MEDICAL INSTRUMENTATION 


The official journal of the Association for the Advancement of 
Medical Instrumentation 

Keeping pace with the technologies of today... 
and tomorrow 


LJ 3 years [_] 2 years O 1year 
C] Individual $60/year 
C] Institution $75/year 
[C] In-training $30/year 


(Please add $10/year outside U.S.) 


C] Check enclosed C] Bill me 
O VISA [C] MasterCard C] American Express 
card # expiration date 


signature/PO# 


Printed in USA 


a = CET UP TO3 YEARS aT 


Charles A. Rawlings, Ph.D., C.C.E. 


and upcoming special issues include — 


e Environmental Therapeutic Devices for 
Infants 

e Lasers in Medicine 

e Neurologic Instrumentation and ‘Techniques 

e Alternative Communication Devices 

e Respiratory Equipment 


MEDICAL INSTRUMENTATION 's coverage 
spans the disciplines, giving you a well-rounded 
perspective on trends in many areas — instrumen- 
tation for cardiovascular monitoring...clinical 
engineering...certification...instrumentation in 
anesthesiology. 

Keep pace with technology and subscribe to 
MEDICAL INSTRUMENTATION today! Just clip 
out the coupon below or call FREE 1-800-638-6423 
from anywhere in the U.S. (except Alaska), or call 
COLLECT in Maryland at 528-4105. 


Williams & Wilkins 


THESE 


LOW RATES! 





name 
address 


city/state/zip 


Maryland residents please add 5% sales tax. Subscriptions outside the 
U.S. must be prepaid, in U.S. dollars only. Please allow up to 8 weeks 
for delivery of first issue. Surface deliveries outside the U.S. may take 
up to 16 weeks. Airmail rates available on request. 


Mail to: 
Williams & Wilkins 
P.O. Box 23291 266 Fulham Road 


Baltimore, MD 21203 London SW10 9YEL England 
MIAD 50533 87 








because you 
really care... 





..about patient comfort 
...about diagnostic Quality 
„about clinical experience 
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Because you care Because you care 


about patient comfort, about diagnostic Quality... 
tolerance, safety and you want the low-osmolality contrast agent 
well-being... you E T a that has proved itself time and time again. 
agent known for: a Hexabrix—the low-osmolality ionic contrast 


medium—has been the agent of choice in over 


. 5 ) fi "A IÇ f j >. 
= Reduced pain 5,000,000 procedures worldwide 


= Reduced heat = Hexabrix has an osmolality lower than other cur- 


è Mini > rently available water-soluble contrast agents with 
inimum patient movement comparable iodine concentrations— including 


= Better patient compliance and iopamidol and iohexol. 
cooperation = Hexabrix helps provide high-quality studies with 
enhanced patient comfort and fewer procedural 


= Completing the procedure with problems. 


fewer retakes a A recent multi-center U.S. study (893 patients) sup- 
= Visualization comparable to ports the efficacy and patient tolerance of Hexabrix: 
conventional ionic media —95% of patients studied showed good-to-excellent 
: visualization...and 
r Improved nephrotoxic™ and —96% of patients exhibited good-to-excellent 
cardiovascular” profiles versus toleration in angiographic procedures’ 
conventional ionic contrast media ‘Data on ie at Malline rod 


UEN W ' 
HIEXABRUDK 

(loxaglate Meglumine 39.3% and 
loxaglate Sodium 19.6% Injection) 











Because you care 


about clinical experience... 


you want a proven contrast agen that 
has passed the test of clinical scrutiny. 


Study atter study shows that Hexabrix delivers quality 
diagnostic images with reduced pain, reduced heat and 
greater patient comfort. *°*" 


Now...expanded clinical indications to 
meet procedural requirements for: 
" Peripheral Arteriography, including percutaneous 
transluminal angioplasty 
" Selective Visceral Arteriography, including 
percutaneous transluminal angioplasty 
* Cerebral Angiography 
Selective Coronary Arteriography (with or with- 
out left ventriculography, including percutaneous 
transluminal coronary angioplasty) 
" Pediatric Angiocardiography 
= Aortography 
* intra-arterial Digital Subtraction Angiography 
* Intravenous Digital Subtraction Angiography 
=" Peripheral Venography 
" Excretory Urography 
" Contrast Enhancement of Computed Tomo- 
graphic Head Imaging and Body Imaging 
= Arthrography 
" Hysteresalpingography ee 
d 








Because you care 


about your patients... 
and the professionals 


you work with... 
you want the advantages of 
HEXABRIX? 


" Reduced pain...reduced heat. Patients 
appreciate that. 


=" Better patient cooperation and compliance 
throughout the procedure. Nurses and technolo- 
gists appreciate that. 


= Hexabrix helps you maintain a smooth-running 
schedule...cuts costly (and annoying) retakes... 
helps reinforce patient confidence. Everyone 
appreciates that. 


HEXABRIX’ _ 


For greater Convenience 
and cost-efficiency, 
Hexabrix is available 
ina wide range 
of package sizes 
to fit procedural 
needs and 
minimize waste. 








Mallinckrodt 
® 





HEXABRIX* 
Each milliiter of HEXABRIX contains 393 mg of maxagiate meglumine, 
196 mg of toxagiate sodium and 0.10 mg edetate calcium disodium as a 
Stabilizer. The solution contains 3.44 mo (0.15 még: sodium m each 
militer acd provides S25: (320 mg/ml) organically bound ene. 


CONTRAINDICATIONS 


HEXABRIX is contraindicated for use in myelography Reter te PRECAU- 


TIONS concemmg hypersensitivity Hysterosalpingegraphy shid not 
be performed doeng the menstrual pened in pregnant patiems, i 
patenis with known infecton in any portion of the genvtal tract, oF 
Dehents in whos cervical camzaton or curettage has beer performed 
within 30 days. Arthragrapty shouid not be performed if infection 1s 
Dresen wt of near the ort. 


WARNINGS 


Serous a fatal raacnons have been associated with the adrunigtranon 
of aine conlaming radiopaque media. It 1s of atmos: impartance to be 
completely prepared In treal any contrast mechurn reaction. 

As with any contrast medium, serious neurologic sequelae. including 
permanent paralysis. Can occur folowing cerebral artenography, selet- 
tive spinal artenography amf artenagraphy of vessels supohang the 
spinal cond. The mpecton of a contrast medum shouid never be made 


following the admunstrabon of vasopressors. since they sroty potent 


ate neurone effects, 

in patents with subsrachnod hemorhage, a tari assocabon between 
contrast! adtunstration afd clinical deteria ation, including camvufsions 
and death, has been resorted. Therefore, adiumstranan of ntravascular 
iodinated Contrast media m these patents should be undertaken 
with caution. 

A deharte nsk gosts in ibe use of iiravascuiar conteas! agents ii 
Datents ahe are knoe to have multe myeloma io such instances 
anuna has developed, resulting in progressive uremia, renal laure and 
evetiually death. Although nether the contrast agent ne debyciration 
has Separately proved to be the cause of anuna in miyefoma, s has teen 
speculated that the combination of bath may be a causative factor The 
risk in myelomatous patients is not a contraindication ta the procedure: 
however, dactal dehydrator a the preparation of these patents for the 
Bamina iS NOt renumendad since ts may predispose fo precen- 
tation of rmyeiorna protein the renal tubules. No form of therapy. 
ncluding dialysis, has been suctesshil in reversing the effect Myeloma, 
WHICH OCOuTS mesi cosnemady it persans over 40, shoud be consxlered 
before instituting intravascular adenimstration of contrast agents 

Adminstration of racepaque materials te pabents KOWD of SUS 
mecied fo have oheachirmoocytasia should he performed sath etre 
coutor. if nthe gamos of the physician, the possible beneits of such 
procedures outweigh the considered sks. the procedures may be 
performed: however the amount of radiopaque mechurn uye 1 shod 
be kept to an abscivte mnnurn The blood pressure should be assessed 
throughout the procedure. and measures for treatment ot a ion tensive 
cnis should be availatile. 

Since edravaseglar admunsinahon of contrast mecha may ROTES 
SICKhg i axbvichals who are homozygous for skies call disease, fluid 
restrictions not achised. 

in pakents with advanced renal disease, wehnated contrast media 
shoud be used wilt caulice ang oly when the need for fhe exarrunation 
dictates, since excreta of the medium may be impaved. Pahents with 
combined enaj and Nepahc disease, those with severe bypertensan of 
congestive hear! fadure and recent renal fransplant opens wesent 
an additonal 1k. 

Renal failure has been reported m patients with liver dystanctian whe 
WEE Giver an Oca choecysiognantnc agent thawed iy an wvavagcy 
iat ixhnated radiopaque aoent and also m patens veth occult renal 
disease, Gababby dlahehes asd hypertensives. In these classes of patents 
there should be ne fui festecua ang every attempt made to: onan 
aama hygrabay: pho to contrast madium eyechon, sive 
is the angie mast ango tant factor fivencungy further rena: paiement 

Cauhon shiii be exercised in performing contrast medan stuekes 
mpakani with endoboxerns ang o those wath elevated hogy leave atures, 

Reports of thytaid storm occuring following Ihe nttayascidar use 
at odinated radiopaque agents in patients with hyper tiyreaisen oF with 
an autongrmously functor trytoid nodule. suggest that ths addihonul 
nSk DE evaluated indore use al tes drug. lodine-comtaning contrast 
agents May afler the results of thyroid functor lests wineh depend on 
wine estimation, eg. PRL and may diso affect rasuils of radioactive 
gine uptake sudes. Sugh tests, f indicated shoud fe patarmed pracy 
ta the administraten of ths préparation 


PRECAUTIONS 


Diagnostic precedes witch invalye the use af adinated mtavasecutar 
contrast agents shoud be cared oul under the drechen of personnel 
skilled and experenced in the particular pracedure to be vert onma Ai 
pracedaes ublzey contrast meda carry a delimte ngk of progkiceyy 
adverse teactons While cost reachons are tac, life-threatening and 
igtal reaches may occ wiol warning. and ihis ngk mast be 
winghed against ihe benefit of the procedure A fully ggupord emer 
gency Catt, Of epaien suppies and equipment, and persone: cam: 
petent in recognizing and treating adverse reactions of ali types should 
always be avardable Hoa sennus reachon should occur, weamecately 
ckocontinue admerctation Since severe delayed reaackces Rave bees 
known to occur emergency lacddes and competent personnel shouid 
be available for at irast 30 to BO manutes after adreimstratwon Ses 
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ADVERSE REACTIONS | 
Preparatory dehydration is dangerous and may conzibute to acute 


iene! failure in infants. young children. the eiderty. nakents wtih pre- 


exishng feral aulfaency patents with multiple myekena. pahents 
with advanced vasculat disease and diabetic patients. 


Acule tenai failure has been repieted in diabetic pahents witb die- 


behe nephropathy and in susceptible mxidiabet< patients ehen okberly 
wib pre Gusting renal disease) followme the acrremstrahon of ockuated 
contrast agents Therefore, catelul consideration of the potential nsks 
Siid be giver before performing Dis radiagachic procestute on these 
patents 

Severe feactons te contrast meda often resemble aiferarc responses 
This has prompte the use of several Drovocabve greleshng methods, 
hone of which can be eted on te predel Severe macsons NG Conclusive 
relahencithp between severe machong and anigen-antidbody teachans of 
other mandestations of alergy has beer established The passibdity af 
an iSynetabt achor in pahents who have previously recewed a 
Cees ast medium withaed di effect should aways be considered Poor te 
the igection of any cootrast medium, the patient shouid be questoned 
to oman a medta story with emphasis on aleray and hypersensitey- 
ity & pastve testory of bronchial asthma of allergy ierelucing food) a 
farmly history af allergy or a previous reactors of hypersensitivity t0 a 
contrast agent may imply a greater than suai nek Such a histary may 
te tage accurate than pre-testing ii preckctiesy the pot id 
ton, although sot necessarily the severmty ar type af tearhon i the 
individual case A positive history of this type does no arbitranty 
Cont anbcate the use Of a contast agent when a gagnast ororeduse 
iS Hough! essential puf does cail for caution iSee ADVERSE 
REACTIONS.) 

Proghyiache therapy including caicasietads art antiinstarunes 
should De considered fw patents whe present ae strong allergic 
tusto y. a PreviGuS reach fo a Comrast medsin, oF a ROSANE ae test 
Since in these patiems the incidence of reac tay 6 fio ! 
af the yener ai populata Adequate doses af cartoasterods ae be 
Stat let eariy enough pac fo contrast meuni meth to be effective 
and should continue through fhe ime of nyectian and tor 24 sours attor 
mecho Anbhustamunes should be adminestered wdhn 3G minates of 
the contrast medum methian. Recent reports ungkcate that such pe 
treatment Goes not prevent serous life threatsosg re: S. DUE nay 
reduce both they edente and seventy A separate songe «sraid be 
Used fot these rgectons. 

General anesthesia may be indicated in the perfornaare 
procedures m sidected patients, however, a biher ince: 
reachons has been reparted in Nese pahents. ati may iv attubulable 
to the matiity of the parent to Menbhy untoward symipin Ig the 
hypotensive ettect of anesthesia which car giong the csculatii He 
and ncease the cdusatian af contact at the contra 

Angugranty should pe avesded whenever px n 
homocyshaurid because ol the nisk of mduung ireamhass an 


PRECAUTIONS FOR 
SPECIFIC PROCEDURES 


Pedali Angpecatdiography this advisable to monty 
vital gors Changes throughout the procedure 

When iame midradual dises are adminustered 
be alleawvedt ine ary guserved changes to teturi io e 
fo making Me next ECTHON 

Caubon shiaid he used wh 
wih puimg@iary hypertension of en Peat, Bes 
lead ti increased oght sie pressures with Sul 
dr systermne TRONSON. Pahents with DETER Y 
ackhhanal risks 

Captios is advised m cyanotic infants since apnea. 
ather arrhythmias and a tendency Iq acidos ate msee i 

Sioe miers ate mewe bkely fo respond with con 
adults. She amount of total dasaue 1s of particuiar importa 5 
‘peston are hazardous ws infants waging less than 7 kg, particulady 
wher These imanis heave pe- easing Con 
ce obltetaled pinna y vascular Des 

Selectve Coronary Aderograply with ar webout 
graphy Dury the ademmstraton of large doses of HE 
ous snantonng G vital agns is desrable Caus 
adirustation of large viuines to pahents wih pagent heart laure 
because of the possibility of aggravating the ge exs stn emden 
Hypdteron ghas be conectat promplly Game d may 1EAN seri 
afhytbrnas 

Spenai care regariing dosage should te bse 
nghi velmular fahe, puirena! y hypertension: 
vascuiat beds. Denause of femexdynainic mang yes whch 
after nyechoninio the ngh heart outflow fact 

Permheral Avtetgrapty Moderate fhe nt 
gcu! Yanay walt atiaartenat ee rët 
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nal Daai Subtracton Angvograpty The asks assonated 


wit (A-DSA ate those usually attendant one catheter procedures, 
Fofiowing the procedure, gentle pressure hemastasis ig requtedt, to- 


sawed by observation: and imumotalizatean of fie lend tor severaj sdurs Ki 
prevent hemorrhage from the site of artenal puncture. 
ey MON DUGIG ESTAN and swaltwng, can result i 
YSTAUREE GON eaka {6 sage degradation ara] nar hagrect: Suhet. 
“nravenous cela’ Subtraction Aagograghy The psks associated 
with VOSA include those usually attendant vath catheter procedures 
ang Wit hacks eirama al NELIS, vegel 
satos The pafeniat ngk 6 reduced when small test imeckons o! 
cantasi Medium ate mate under lugoscopic ebservabon to nsure that 
the cathefer hp i properly pasted and on the case of penpherai 
maremen, thatthe ven is of adeguate cite 
Haten TALON inmlucking respirdhicn atx? swallowing, car result en 
sustegistralion leachng lo Tage deg adahe and rer chagneahe sudes 
Senpherd! venography SPEKE care 6 ‘egured when vena apiy 1s 
jerforited in palieits wath suspected theynbass, phlebitis, severe 
machernc degase local infechor of a totally obstructed venous system 
Extreme taulon dunnu myecton of cuasi mecha s HeCessa y to 
avind ext awasatie and fuerasoapy m recammendied This 8 especualiy 
mip tant af Dabents with Severe aflerial Y venous disease 
exc ekk y LA Ogfaphy infants ami Small Chuldrert shuid not have any 
fad restnchaes paor to excretory urography See WARNINGS anit 
PAE CAUTIONS car ery ng preparatnr y dehydranon | 
Congas? rvs 
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Beyond Imaging 


A Beyond each imaging modality and support service A time for professional enrichment. The exchange of 
we offer there is a commitment to be in touch with the ideas. Awelcome chance to learn more about your 
State of your art...and with you, the professionals requirements for tomorrow. And the opportunity to 


who practice it. show you the technological advancements and 
Once-a year the RSNA gives us that opportunity. services we have today. 


Cəmputed tomography ¢ PACS e Lithotripsy « Linear accelerators + Magnetic resonance ¢ Therapy planning * Mobile image intensifier * Diagnostic 
ultrasound ¢ X-ray mammography » R/F systems ¢ Data management ¢ Education programs Digital imaging * Therapy simulator ¢ Uro-radiology ¢ Mobile 
MR e Nuclear medicine Ħ Site planning ¢ Service plans ¢ Mobile CT è Cardiovascular imaging © Financial services ¢ Mobile X-ray ¢ Preventive maintenance 
e Special procedures * Health physics ¢ Diagnostic imaging centers ¢ In-service education ¢ Positron emission tomography * Bone mineral densitometry 
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In radiologic contrast procedures 





iopamidol injection iopamidol injection 


THE CLEAR CHOICE 





A broad range 

of indications 

Peripheral arteriography 

Coronary arteriography and 
ventriculography 

Excretory urography 

Myelography (lumbar, thoracic, 
cervical, total columnar) 

Cerebral arteriography 

CT head and body imaging 

CT cisternography and 
ventriculography 

Selective visceral arteriography 

= Aortography 

= Intra-arterial digital subtraction 
angiography 





The only nonionic contrast agent you need to stock 
ISOVUE-M' 200 ISOVUE-M' 300/ISOVUE-300 


d iopamidol injection 41% iopamidol injection 61% 
ISOVUE -370 ISOVUE -128 (i) SQUIBB’ 
iopamidol injection 76% iopamidol injection 26% Diagnostics 


CIRCLE 14 ON READER SERVICE CARD 
Please see brief summary of prescribing information on following pages. 
This product is under license from Bracco Industria Chimica, S.p.A. U S. Patent #4,001,323 


647-509 


ISOVUE*-128 (lopamido! injection 26%) 
ISOVUE*-300 (lopamido! Injection 61%) 
ISOVUE*-370 (lopamidol injection 76%) 
ISOVUE-M" 200 (lopamidol Injection 41%) 
ISOVUE-M’" 300 (lopamidai Injection 61%) 


INDICATIONS AND USAGE 


ISOVUE (lopamidol Injection) is indicated for intra-arterial digital subtraction angiography 
{DSA) of the cerebral and abdominal vasculature and for angiography throughout the cardio- 
vascular system, including cerebral and peripherai arteriography, coronary arteriography and 
ventriculography, selective visceral arteriography and aortography, and intravenous excretory 
urography and intravenous contrast enhancement of computed tomographic (CECT) head and 
body imaging. 

ISOVUE-M (lopamidol injection) is indicated for intrathecal administration in neuroradiology 
including myelography (lumbar, thoracic, cervical, totalcoilumnar}, andforcontrastenhancement 
of computed tomographic (CECT) cisternography and ventriculography. 


CONTRAINDICATIONS 


ISOVUE (lopamidoi injection) 
None. 


ISOVUE-M (lopamidoi Injection) 

intrathecal administration of corticosteroids with iopamidol is contraindicated. Because of 
overdosage considerations, immediate repeat myelography in the event of technical failure is 
contraindicated (see interval recommendation under DOSAGE AND ADMINISTRATION). Mye- 


lography should not be performed in the presence of significant local or systemic infection 
where bacteremia is likely. 


WARNINGS 
ISOVUE-M (lopamidol Injection) 

The need for myelographic examination shouid be caretuily evaluated. iopamido!l should be 
administered with caution in patients with increased intracranial pressure or suspicion of 
intracranial tumor, abscess or hematoma, those with a history of convulsive disorder, severe 
cardiovascular disease, chronic alcoholism, or multiple sclerosis, and elderly patients. Partic- 
uiar attention must be given to state of hydration, concentration of medium, dose, and tech- 
nique used in these patients. 

If frankly bloody cerebrospinal fiuid is observed. the possible benefits of a myelographic 
examination should be considered in terms of risk to the patient. 

Patients on anticonvulsant medication should be maintained on this therapy. 

Direct intracisternal or ventricular administration for standard radiography (without comput- 
erized tomographic enhancement) is not recommended. Inadvertent intracranial entry of a 
large or concentrated bolus of the contrast medium, which increases the risk of neurotoxicity, 
can be prevented by careful patient management. Also, effort should be directed to avoid rapid 
dispersion of the medium causing inadvertent rise to intracranial levels (e.g., by active patient 
movement). If such intracranial entry of the medium occurs, prophylactic anticonvulsant treat- 
ment with diazepam or barbiturates orally for 24 to 48 hours should be considered. 

Use of medications that may lower the seizure threshold (phenothiazine derivatives, including 
those used for their antihistaminic properties; tricyclic antidepressants; MAO inhibitors; CNS 
stimulants; analeptics; antipsychotic agents) should be carefully evaluated. While the contribu- 
tory roie of such medications has not been established, some physicians have discontinued 
these agents at least 48 hours before and for at least 24 hours following intrathecal use. 

Focal and generalized motor seizures have been reported after intrathecal use of water- 
soluble contrast agents including iopamidol. In several of those cases reported with iopamidol, 
higher than recommended doses were employed. Therefore avoid: 


@ Deviations from recommended neuroradiologic procedure or patient management. 

@ Use in patients with a history of epilepsy unless medically justified. 

@ Overdosage. 

@ intracranial entry of a bolus or premature diffusion of a high concentration of the medium. 
@ Failure to maintain elevation of the head during the procedure, on the stretcher, and in bed. 
@ Excessive and particularly active patient movement or straining. 

ISOVUE {lopamidol injection) 

Caution must be exercised in patients with severely impaired renal function, those with com- 
bined renal and hepatic disease, or anuria particularly when larger doses are administered. 

Radiopaque diagnostic contrast agents are potentially hazardous in patients with multiple 
myeloma or other paraproteinemia, particularly in these with therapeutically resistant anuria. 
Myeloma occurs most commonly in persons over age 40. Although neither the contrast agent 
nor dehydration has been proved separately to be the cause of anuria in myeiomatous patients, 
ithas been speculated that the combination of both may be causative. The risk in myelomatous 
patients is not a contraindication; however, speciai precautions are required. 

Contrast media may promote sickling in individuals who are homozygous for sickle cell dis- 
ease when injected intravenously or intraarterially. 

Administration of radiopaque materiais to patients known or suspected of having pheo- 
chromocytoma should be performed with extreme caution. ff, in the opinion of the physician, 
the possible benefits of such procedures outweigh the considered risks, the procedures may 
be performed: however, the amount of radiopaque medium injected should be kept to an abso- 
lute minimum. The blood pressure should be assessed throughout the procedure and mea- 
sures for treatment of a hypertensive crisis should be available. These patients shouid be 
monitored very closely during contrast-enhanced procedures. 

Reports of thyroid storm following the use of iodinated radiopaque diagnostic agents in 
patients with hyperthyroidism or with an autonomously functioning thyroid nodule suggest that 
this additional risk be evaluated in such patients before use of any contrast medium. 


PRECAUTIONS 
General 


Diagnostic procedures which invoive the use of any radiopaque agent should be carried out 
under the direction of personnel with the prerequisite training and with a thorough knowledge 
of the particular procedure to be performed. Appropriate facilities should be available for cop- 
ing with any complication of the procedure, as well as for emergency treatment of severe 
reaction to the contrast agent itself. After parenteral administration of a radiopaque agent. 
competent personnel and emergency facilities should be available for at least 30 to 60 minutes 
since severe delayed reactions may occur. 

Preparatory dehydration is dangerous and may contribute to acute renal failure in patients 
with advanced vascular disease, diabetic patients, and in susceptible nondiabetic patients 
toften elderly with preexisting renal disease). Patients shouid be well hydrated prior fo and 
following iopamidol administration. 

The possibility of a reaction, including serious, life-threatening, fatal, anaphylactoid or cardio- 
vascular reactions, should always be considered {see ADVERSE REACTIONS). Patients at in- 
creased risk include those with a history of a previous reaction to a contrast medium, patients 
with a known sensitivity to iodine per se, and patients with a known clinical hypersensitivity 
ibronchia! asthma, hay fever, and food allergies). The occurrence of severe idiosyncratic reac- 
tions has prompted the use of several pretesting methods. However, pretesting cannot be relied 
upon to predict severe reactions and may itself be hazardous for the patient. itis suggested that 
a thorough medical history with emphasis on allergy and hypersensitivity, prior to the injection 
of any contrast medium, may be more accurate than pretesting in predicting potential adverse 
reactions. A positive history of allergies or hypersensitivity does not arbitrarily contraindicate 
the use of a contrast agent where a diagnostic procedure is thought essential, but caution 


should be exercised. Premedication with antihistamines or corticosteroids to avoid or minimize 
possibie allergic reactions in such patients should be considered (see CONTRAINDICATIONS). 
Reports indicate that such pretreatment does not prevent serious life-threatening reactions. 
but may reduce both their incidence and severity. 

General anesthesia may be indicated in the performance of some procedures in selected 
patients, however, a higher incidence of adverse reactions has been reported with radiopaque 
media in anesthetized patients, which may be attributable to the inability of the patient to iden- 
tify untoward symptoms, or to the hypotensive effect of anesthesia which can reduce cardiac 
output and increase the duration of exposure to the contrast agent. 

Even though the osmolality of iopamidol is low compared to diatrizoate or iothalamate based 
ionic agents of comparabie iodine concentration, the potential transitory increase in the circu- 
latory osmotic load in patients with congestive heart failure requires caution during injection. 
These patients should be observed ‘or several hours following the procedure to detect delayed 
hemodynamic disturbances. 

in angiographic procedures, the possibility of dislodging plaques or damaging or perforat- 
ing the vessel wall shouid be borne in mind during catheter manipulations and contrast 
medium injection. Test injections to ensure proper catheter placement are suggested. Folow- 
ing arteriographic procedures, gentle pressure hemostasis is required, followed by observa- 
tion and immobilization of the limb for several hours to prevent hemorrhage from the site of 
arterial puncture. 

The inhibitory effects of nonionic contrast media on mechanisms of hemostasis have been 
shown. in vitro, to be less than ionic contrast media at comparable concentrations. For this 
reason, standard angiographic procedures should always be followed: angiographic catheters 
should be flushed frequently. and prolonged contact of blood with contrast in syringes and 
catheters should be avoided. 

Selective coronary arteriography should be performed only in selected patients and those 
in whom the expected benefits outweigh the procedural risk. The inherent risks of angio- 
cardiography in patients with chronic pulmonary emphysema must be weighed against the 
necessity for performing this procedure. Angiography should be avoided whenever possible 
in patients with homocystinuria, because of the risk of inducing thrombosis and embolism. 

If nondisposable equipment is used, scrupulous care should be taken to prevent residual 
contamination with traces of cleansing agents. 


information For Patients 

Patients receiving injectabie radiopaque diagnostic agents shouid be instructed to: 

1. inform your physician if you are pregnant. 

2. inform your physician if you are diabetic or if you have multipie myeloma, pheochromocytoma, 
homozygous sickle cell disease, or known thyroid disorder (see WARNINGS). 

3. inform your physician if you are allergic to any drugs, food, or if you had any reactions to 
previous injections of substances used for x-ray procedures (see PRECAUTIONS, General). 

4. inform your physician about any other medications you are currently taking, including 
nonprescription drugs, before you have this procedure. 


Drug Interactions 

Renal toxicity has been reported in a few patients with liver dystunction who were given oral 

cholecystographic agents followed by intravascular contrast agents. Administration of 

intravascular agents should therefore be postponed in any patient with a known or suspected 

hepatic or biliary disorder who has recently received a cholecystographic contrast agent. 
Other drugs should not be admixed with iopamidol. 


Drug/Laboratory Test interactions 
The results of PBI and radioactive iodine uptake studies, which depend on iodine estimations, 
will not accurately reflect thyroid function for up to 16 days following administration of iodinated 
contrast media. However, thyroid function tests not depending on iodine estimations, e.g., T3 
resin uptake and total or free thyroxine (T4) assays are not affected. 

Any test which might be affected by contrast media should be performed prior to administra- 
tion of the contrast medium. 


Laboratory Test Findings 

in vitro studies with animal blood showed that many radiopaque contrast agents, including 
iopamido!l, produced a slight depression of plasma coagulation factors including prothrombin 
time, partial thromboplastin time, and fibrinogen, as well as a slight tendency to cause platelet 
and/or red blood cell aggregation (see PRECAUTIONS, General). 

Transitory changes may occur in red cell and leucocyte counts, serum calcium, serum creat- 
inine, serum glutamic oxalacetic transaminase {SGOT}, and uric acid in urine; transient albu- 
minuria may occur. 

These findings have not been associated with clinical manifestations. 


Carcinogenesis, Mutagenesis, impairment Of Fertility 
in animal reproduction studies performed on rats, intravenously administered iopamidol did 
not induce adverse effects on fertility or general reproductive performance. 

in studies to determine mutagenic activity. iopamidol did not cause any increase in 
mutation rates. 


Pregnancy Category B 
No teratogenic effects attributable to iopamido! have been observed in teratology studies 
performed in animals. There are, however, no adequate and well controlied studies in pregnant 
women. it is not known whether iopamido! crosses the placental barrier or reaches fetal tis- 
sues. However, many injectable cortrast agents cross the placental barrier in humans and 
appear to enter fetal tissues passively. Because animal teratology studies are not always pre- 
dictive of human response, this drug should be used during pregnancy only if clearly needed. 
Radiologic procedures invoive a certain risk related to the exposure of the fetus to joniz- 
ing radiation. 


Labor and Delivery 

it is not known whether use of contrast agents during labor or delivery has immediate or 
delayed adverse effects on the fetus, prolongs the duration of labor or increases the likeli- 
hood that forceps delivery or other obstetrical intervention or resuscitation of the newborn 
will be necessary. 


Nursing Mothers 

itis not known whether iopamidol is excreted in human milk. However. many injectable contrast 
agents are excreted unchanged in human milk. Although it has not been established that seri- 
ous adverse reactions occur in nursing infants, caution should be exercised when intravascular 
contrast media are administered to nursing women because of potential adverse reactions, 
and consideration should be given tc temporarily discontinuing nursing. 

Pediatric Use 

Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 


ISOVUE (lopamidoi injection) 

Adverse reactions following the use of iopamidoi are usually mild to moderate, self-limited, 
and transient. 

in a clinical trial with 100 patients undergoing intra-arterial DSA, adverse reactions possibly 
attributed to ISOVUE-128 administration were nausea (2%), headache (1%) and vomiting (1%). 
One patient with preexisting renal impairment and severe bilateral renai vascular disease ex- 
perienced renal failure, possibly secondary to a subsequent acute episode of congestive heart 
failure and/or drug administration (see Warnings). 

in angiocardiography (597 patients), the adverse reactions with an estimated incidence of 
one percent or higher are: hot flashes 3.4%; angina pectoris 3.0%; flushing 1.8%; bradycardia 
1.3%; hypotension 1.0%: hives 1.0%. 


+ 











intravascular injectoe of contrast media is frequently associated with the sensation of warmth 
and pain, especially in peripheral arteriography; pain and warmth are less frequent and less 
severe with IBOVUE «lopamidal injection) than with diatrizoate meglumine and diatrizoate 
sodium inpectior: 

The following table of incidence of reactions is based on clinical studies with ISOVUE in 
about 183f:natients. 


Adverse Reactions 


Estimated Overall incidence 
System = 1% = 49% 


Cardiovascular none 





tachycardia 
hypotension 
hypertension 
myocardial ischemia 
circulatory collapse 
S-T segment depression 
bigeminy 
extrasystoles 
ventricular fibrillation 
angina pectoris 
bradycardia 
transient ischemic attack 
thrombophlebitis 
vasovagal reaction 
tingling in arms 
grimace 

faintness 

vomiting 

anorexia 

throat constriction 
dyspnea 

puimonary edema 
Skin and Appendages none rash 

urticaria 

pruritus 

flushing 

headache 

fever 

chills 

excessive sweating 
back spasm 

taste alterations 
nasal congestion 
visual disturbances 


urinary retention 


Nervous pain (1.7%) 


burning sensation (1.4%) 


Digestive nausea {1.2%} 


Respiratory none 


Body as aWhole hot flashes (1.5%) 


Speciai Senses warmth (1.1%) 


Urogenital none 


Regardless of the contrast agent employed, the overall estimated incidence of serious ad- 
verse reactions is hagher with coronary arteriography than with other procedures. Cardiac de- 
compensation, sermus arrhythmias, or myocardial ischemia or infarction may occur during 
coronary arteriography and left ventriculography. Following coronary and ventricular inpections, 
certain elactsocardiographic changes (increased QTc, increased R-R, T-wave am plitude) and 
certain hemedynarsic changes (decreased systolic pressure) occurred jess frequently with 
ISOVUE topamidofirjection) than with diatrizoate meglumine and diatrizoate sodium injec- 
tion, increased LVEDP occurred tess frequently after ventricular iopamido! injections. 

in aortegraphy tre risks of procedures also include injury to the aorta and neighboring 
organs, Sleuralpurcture, renal damage including infarction and acute tubular necrosis with 
Oliguria and anuria accidental selective filling of the right renal artery during the transiumbar 
procedure in the presence of preexisting renal disease, retroperitoneal hemorrhage from the 
transiumbar approach, and spinal cord injury and pathology associated with the syndrome of 
transverse myeiitis. 

Adverse eftects reported in clinical fiterature for iopamidol include arrhythmia, arterial spasms, 
hematuria, periorbitaledema., involuntary leg movement, malaise, and triggering of deglutition; 
some of these may accur as a consequence of the procedure. Other reactions may also occur 
with the usecof any contrast agent as a consequence of the procedural hazard; these include 
hemorrhage:or pseacoaneurysms at the puncture site, brachial plexus paisy following axillary 
artery injections, chest pain, myocardial infarction, and transient changes in hepatorenal chem- 
istry tests. Arterial 7neombosis, displacement of arterial plaques, venous thrombosis. dissec- 
tion of the ceronary vessels and transient sinus arrest are rare complications. 


ISOVUE-M (iopamidct injection) 

The most#requentiyeeported adverse reactions following intrathecal administration of iopamidot 
are headache, nausea, vomiting and musculoskeletal pain. These reactions usually occur t to 
10 hoursafter injection, almost all occurring within 24 hours. They are usually mild to moderate 
in degree lasting for 2 few hours and usually disappearing within 24 hours. Rarely, headaches 
may be severe-or persist for days. Headache is often accompanied by nausea and vomiting, 
and tends tobe more frequent and persistent in patients not optimally hydrated. 

Backache, neck stfiness, numbness and paresthesias, leg or sciatic-type pain occurred 
less frequently, often in the torm of a transient exacerbation of preexisting symptomatology. 
Transien®altteratiors in vital signs may occur and their significance must be assessed on an 
individual basis. 

The following table of incidence of reactions is based on clinical studies with ISOVUE-M 
fiopamicol infection) in about 615 patients. 


Adverse Reactions 
Estimated Overail incidence 
System > 1% = 1% 
Body as a Whale headache (18.1%) pyrexia 
muscle weakness 
hot flashes 
malaise 
fatique 
weakness 
Digestive nausea (7.3%) diarrhea 
vomiting (3.7%) heartburn 
Musculoskeletal back pain (2.3%) leg cramps 
ieg pain (1.4%) sciatica 
neck pain (1.1%) cervicobrachial irritation 
meningeal irritation 
radicular irritation, 
lumbosacral 
other musculoskeletal pain 
involuntary movement 
burning sensation 
Cardiovascular hypotension (1.1%) tachycardia 
hypertension 
chest pain 


Adverse Reactions (con't) 
Estimated Overall incidence 


System >» 195 < 1% 

Nervous none emotional stress 
dizziness 
paresthesia 
confusion 
hallucinations 
lightheadedness 
syncope 
numbness 
cold extremities 

Urogenital none urinary retention 

Respiratory none dyspnea 

Skin and Appendages none rash 

Miscellaneous none injection sae pain 


Other adverse effects reported in clinical fiterature for iopamidol include facial neuralgia, 
tinnitus, and sweating. 

Major motor seizures have been reported in the clinical literature and since market introduc- 
tion in the United States. Early onset of seizures (less than two hours) is ndicative of early 
substantial intracranial entry. Transitory EEG changes occur and usually take the form of slow 
wave activity. 

While not observed in controlled clinical studies with ISOVUE-M (lopamidal injection), or 
reported in clinical literature, the following adverse reactions may occur because they have 
been reported with other nonionic contrast agents: cardiovascular (arrhythmias); aseptic men- 
ingitis syndrome; ailergy or idiosyncrasy (chills, pruritus, nasal congestion, Guillain-Barre syn- 
drome}, CNS irritation (psycho-organic syndrome: mild and transitory perceptual aberrations 
such as depersonalization, anxiety, depression, hyperesthesia, disturbances in speech, sight, 
or hearing, and disorientation, in addition, hyperreflexia or areflexia, hypertonia or flaccidity, 
restlessness, tremor, echoacousia, echolalia, asterixis or dysphasia have occurred). Profound 
mental disturbances have rarely been reported (various forms and degrees of aphasia, mental 
confusion or disorientation); the onset is usually at 8 to 10 hours and lasts for about 24 hours 
without aftereffects. 

However, occasionally they have been manifest as apprehension, agitation, or progressive 
withdrawal to the point of stupor in several instances. in a few cases, these have been accom- 
panied by transitory hearing loss or other auditory symptoms and visual disturbances (believed 
subjective or delusional). Persistent cortical loss of vision in association with convulsions, and 
ventricular block have been reported. Rarely, persistent though transitory weakness in the leg 
or ocular muscles has been reported. Peripheral neuropathies have been rare and transitory. 
They include sensory and/or motor or nerve root disturbances, myelitis, persistent leg muscle 
pain or weakness, or sixth nerve palsy, or cauda equina syndrome. Muscle cramps, fascicula- 
tion of myocionia, spinal convulsion, or spasticity are unusual. 


General Adverse Reactions To Contrast Media 

Reactions known to occur with parenteral administration of iodinated ionic contrast agents 
(see the listing below) are possible with any nonionic agent. Approximately 95 percent of ad- 
verse reactions accompanying the use of other water-soluble intravascularly administered 
contrast agents are mild to moderate in degree. However, life-threatening reactions and fatali- 
ties, mostly of cardiovascular origin, have occurred. 

Reported incidences of death from the administration of other iodinated contrast media 
range from 6.6 per 1 million (0.00066 percent) to 1 in 10,000 patients (Q01 percent). Most 
deaths occur during injection or 5 to 10 minutes later, the main feature being-cardiac arrest with 
cardiovascular disease as the main aggravating factor. Isolated reports cf hypotensive col- 
lapse and shock are found in the literature. The incidence of shock is estimated to be 1 out of 
20,000 (0.005 percent) patients. 

Adverse reactions to injectable contrast media fall into two categories: chemotoxic reactions 
and idiosyncratic reactions. Chemotoxic reactions result from the physicc-chemical proper- 
ties of the contrast medium, the dose, and the speed of injection, All hemodynamic distur- 
bances and injuries to organs or vesseis perfused by the contrast medium are included in this 
category. Experience with iopamido! suggests there is much less discomfo-t ie.g., pain and/or 
warmth} with peripheral arteriography. Fewer changes are noted in ventricular function after 
ventriculography and coronary arteriography. 

idiosyncratic reactions include all other reactions. They occur more frequently in patients 20 
to 40 years old. Idiosyncratic reactions may or may not be dependent on the amount of drug 
injected, the speed of injection, the mode of injection, and the radiographic procedure. Idio- 
syncratic reactions are subdivided into minor, intermediate, and severe. The minor reactions 
are self-limited and of short duration; the severe reactions are life-threatening and treatment is 
urgent and mandatory. 

The reported incidence of adverse reactions to contrast media in patients with a history of 
altergy is twice that for the general population. Patients with a history of previous reactions to a 
contrast medium are three times more susceptible than other patients. However, sensitivity to 
contrast media does not appear to increase with repeated examinations. Most adverse reac- 
tions to intravascular contrast agents appear within one to three minutes after the start of 
injection, but delayed reactions may occur (see PRECAUTIONS. General}. 

Because measurable plasma levels are attained following the intrathecal administration of 
iopamidol, adverse reactions reported with the use of intravascular contrest agents are theo- 
retically possible. In addition to the adverse drug reactions reported for iopamidol, the foliow- 
ing additional adverse reactions have been reported with the use of other imravascular contrast 
agents and are possible with the use of any water-soluble iodinated contrast agent: 
Cardiovascular: vasodilation, cerebral hematomas, petechiae, hemodynamic disturbances, 
sinus bradycardia, transient electrocardiographic abnormalities, ventricular fibrillation. 
Digestive: nausea, vomiting, severe unilateral or bilateral swelling of the parotid and submaxil- 
lary glands. 

Nervous: paresthesia, dizziness, convulsions, paralysis, coma. 


Respiratory: increased cough, asthma, laryngeal edema, pulmonary edema, bronchospasm, 
rhinitis, dyspnea. 
Skin and Appendages: injection site pain usually due to extravasation ard/or erythematous 
swelling, skin necrosis. 
Urogenital: osmotic nephrosis of proximal tubular cells, renal failure, pain. 
Special Senses: bilateral ocular irritation: lacrimation: conjunctival chemosis, infection, and 
conjunctivitis; itching, 

The following reactions may also occur: neutropenia, thrombophlebitis, flushing, pallor, weak- 
ness, severe retching and choking, wheezing, cramps, tremors, and sneezing. 
HOW SUPPLIED 
ISOVUE- 128: 10x50 ml. vials; ISOVUE-300: 10x50 mL vials and 10 x 100 mL bottles: ISOVUE-370: 


10x50 mL vials and 10 x 100 mL, 10 x 150 mL and 10x200 mL bottles: ISOVUE-M 200: 10x20 mL 
vials: ISOVUE-M 300: 10 x 15 mL vials. 


STORAGE 
ISOVUE” and ISOVUE-M’ tiopamido! injection) should be stored at rocm temperature not 
exceeding 86° F Protect from light. 


For full prescribing information consult package insert. 
J3-702A/J3-652D/J3-653E. 


© 1987 E.R. Squibb & Sons, inc., Princeton, NJ 647-509 issued: September 1987 
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Unequaled image quality. 
Unprecedented speed. 
CT 9800 Quick—in a class by itself. 


There was only one way to improve 
the CT 9800 system. Make it even 
more efficient. The new CT 9800 
Quick system frem Genera! Electric 
sets new records for performance— 
while maintaining the highest 
image quality. 


Because time counts 


With its Fast Cycle scanning, 

CT 9800 Quick cuts exam time in 
_ half. Images can be acquired, 
reconstructed, displayed and filmed 
in less than 16 seconds. For 
example, a typical 512* image 
begins displaying less than 6 
seconds after scan completion; a 
typical 20-image exam can be 
completed—scan to film—in less 
than 6 minutes. 


Immediate display of high quality 





Contrast enhanced abdominal scan 
demonstrating a right kidney cyst 
and well defined hepatic vasculature. 


images increases diagnostic accuracy 
and efficiency. You can respond 
faster—and with more confidence— 
especially in trauma cases and in- 
terventional procedures. Through- 
put is accelerated, and referring 
physicians receive valuable diag- 
nostic information without delay. 


New software algorithms—edge, 
smooth and detail— tailor images to 
your exact specifications. And the 
special pediatric head scanning 
mode allows CT 9800 Quick to 
characterize the bone/soft tissue 
interface with greater sensitivity. 


These are just a few of the CT 9800 
Quick features that streamline the 
diagnostic process and help ensure 
accuracy across the full range of 
studies. 


The Quick answer 


Consistently fine image quality 
combined with remarkably efficient 
performance. CT 9800 Quick—it 
could be the right answer for your 
computed tomography needs. 


To see the CT 9800 Quick system 
in action, call us today, toll free. 
800-433-5566. 





Five millimeter lumbar spine image 
demonstrating a clear differentiation 
of disc material and spinal cord area. 


Get a better look 


CT 9800 Quick not only produces 
images quickly, it makes image 
reading and data manipulation 
faster than ever before. The pan/zoom 
feature, for example, lets you 
pinpoint and magnify areas of 
interest simply by placing a box 
cursor over the reference axial or 
ScoutView'™, When the cursor is 
positioned, the magnified zoom 
image appears instantaneously. 
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The NEW 
Ackrad H/S Catheter Set for 
_ Hysterosalpingography 23°" 
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and efficient procedure. | O N B R H AST C AN C E R 


Sample furnished on request. 





L ACKRAD LABORATORIES, Inc. 
= 70 Jackson Drive, P.O. Box 1085, Cranford, NJ 07016 
(201) 276-6390 


Century Plaza Hotel 
Los Angeles, California 
February 29-March 4, 1988 


Sponsored by the American College of Radiol- 
ogy 





Cosponsored by the American Cancer Society, 
the American Society of Therapeutic Radiology 
and Oncology, and the College of American 
Pathologists. 











This meeting will emphasize a multidisciplinary ap- 
proach to the diagnosis, treatment, and manage- 


jma el p u S t O ment of early breast cancer. Faculty will be drawn 

| from various disciplines, including diagnostic ra- 

diology, epidemiology, oncology, obstetrics and 

S e rve O u | gynecology, pathology, plastic and reconstructive 
y | surgery, and therapeutic radiology. 


b ette r The scientific program will feature plenary sessions, 
AE ER R panel discussions, and workshops. Proffered pa- 


pers and scientific exhibits are solicited. 





USE | Registration fee for physicians is $600, fee for 
YOUR residents/technologists is $550. 


ZIP 
CODE | 


For further information write: 





Remember, your zip code Breast Cancer Conference 
provides faster, more direct American College of Radiology 
delivery of your journals. 1891 Preston White Drive 


Use iton all correspondence, Reston Virginia 99091 
too. 
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In intrathecal imaging: 


Because you cant be sure now 
every patient will react.. 


Imoarove the safety protile 









Better patient tolerance, measured 
subjectively and objectively." 


Reactions-After Myelography Percent of Patients 





No reaction 





Heacacne 





Nausea 





Vomiting 


Dizziness 





Mental symptoms 


\ 0 W io z 1EXO 
= 7 7 = 1,624) 
Other reac»ons a an Metrizamide 
n 13 (n = 450) 


Adapted trom Shaw e! at.’ Data on file Winthrop Pharmaceuticals.* 

All adverse reactions raported are included and are irrespective of drug 
relationship. |! a patient had more than one type of reaction, each is counted 
separately under ie respective reaction type 





D Lower incidence of EEG changes 
compared with iopamidol or metrizamide.®> 


ft Excellent diagnostic quality. 
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mation concerning arahen h A AEA EK (IOHEXO 
hs ee aao! se reactions, patient selection, L) 
and precaetianary recommendations TRE NEW STANDARD 


INI INTRATHECAL IMAGING. 


INJECTION (IOHEXOL) 
INTRATHECAL 





PLEASE CONSULT FULL PRODUCT INFORMATION BEFORE USING. A SUMMARY FOLLOWS. 


DESCRIPTION: OMNIPAQUE is a nonionic, water-soluble radiographic contrast medium for intrathecal 
administration in concentrations of 180. 240, and 300 mgI/mL Each milliliter of iohexol solution contains 121 mg 
tromethamine and 0 1 mg edetate calcium disodium with the pH adjusted between 6.8 and 7.7 with hydrochloric 
acid or sodium hydroxide. All solutions are sterilized by autoclaving, are nonpyrogenic, and contain no 
preservatives, so unused portions should be discarded 


CONTRAINDICATIONS-—Intrathecal: OMNIPAQUE should not be administered to patients with a known 
hypersensitivity to iohexol. Myelography should not be performed in the presence of significant local or systemic 
infection where bacteremia is likely. Intrathecal administration of corticosteroids with OMNIPAQUE is contraindi- 
Caled. Because of the possibility of overdosage. immediate repeal myelography in the event oi technical failure is 
contraindicated 

WARNINGS-General: lf grossly bloody CSF is encountered. the possible benefits of a myelographic procedure 
should be considered in terms of the risk to the patient 

Caution is advised in patients with a history of epilepsy, severe cardiovascular disease. chronic alcoholism. or 
multiple sclerosis 

Elderly patients may present a greater risk following myelography The need for the procedure in these patients 
should be evaluated carefully. Special attention must be paid to dose and concentration of the medium used 
hydration, and technique used 

Patients who are receiving anticonvulsants should be maintained on this therapy. Should a seizure occur 
intravenous diazepam or phenobarbital sodium is recommended. In patients with a history of seizure activity who 
are not on anticonvulsant therapy, premedication with barbiturates should be considered 
__ Prophylactic anticonvulsant treatment with barbiturates should be considered in patients with evidence of 
inadvertent intracranial entry of a large or concentrated bolus of the contrast medium. since there may be an 
increased risk of seizure in such cases 

Drugs that lower the seizure threshold. especially phenothiazine derivatives, including those used for their 
antihistamine or antinauseant properties, are not recommended for use with OMNIPAQUE. Others include MAO 
inhibitors, tricyclic antidepressants, CNS stimulants, and psychoactive drugs described as analeptics, major 
tranquilizers, or antipsychotic drugs. While the contributory role of these medications has not been established 
the use of such drugs should be based on physician evaluation of potential benefits and potential risks Physicians 
have discontinued these agents at least 48 hours before and for at least 24 hours postprocedure Care is required 
in patient management to prevent inadvertent intracranial entry of a large dose or concentrated bolus of the 
medium. Also, effort should be directed to avoid rapid dispersion of the medium causing inadvertent rise in 
intracranial levels (eg, by active patient movement) Direct intracisternal or ventricular administration tor standard 
radiography (not CT) is not recommended 

In most reported cases of major motor seizures with nonionic myelographic media, one or more of the following 
factors were present. Therefore avoid. 

e Deviations from recommended procedure or in myelographic management 

e Use in patients with a history of epilepsy 

* Overdosage 

* Intracranial entry of a bolus or premature diffusion of a high concentration of the medium 

e Medication with neuroleptic drugs or phenothiazine antinauseants 

e Failure to maintain elevation of the head during the procedure, on the stretcher, or in bed 

e Excessive and particularly active patient movement or straining 

PRECAUTIONS-—General: Diagnostic procedures that involve the use of radiopaque diagnostic agents should 
be carried out under the direction of personnel with the prerequisite training and with a thorough knowledge ot the 
particular procedure to be performed Appropriate facilities should be available for coping with any complication of 
the procedure, as well as for emergency treatment of reactions to the contrast agent itself. After parenteral 
administration of a radiopaque agent, competent personnel and emergency facilities should be available since 
delayed reactions have been reported (see ADVERSE REACTIONS) 

Preparatory dehydration may be dangerous and may contribute to acute renal failure in patients with advanced 
vascular disease, diabetic patients, and in susceptible nondiabetic patients (often elderly with preexisting renal 
disease). Dehydration in these patients seems to be enhanced by the osmotic diuretic action of contrast agents 
Patients should be well hydrated prior to and following iohexol administration 

The possibility of a reaction, including serious. life-threatening, fatal, anaphylactoid, or cardiovascular 
reactions, should always be considered Ae ADVERSE REACTIONS). Therefore, it is of utmost importance that a 
course of action be carefully planned in advance for the immediate treatment of serious reactions, and that 
adequate and appropriate facilities and personnel he readily available in case of a severe reaction 

The possibility of an idiosyncratic reaction in Susceptible patients should always be considered (see ADVERSE 
REACTIONS). The susceptible population includes patients with a history of a previous reaction to contrast media 
patients with a known sensitivity to iodine per se, and patients with a known Clinical hypersensitivity. bronchial 
asthma. hay fever, and food allergies 

A thorough medical history with emphasis on allergy and hypersensitivity, prior to the injection of any contrast 
medium, may be more accurate than pretesting in predicting potential adverse reactions 

A positive history of allergy or hypersensitivity does not arbitrarily contraindicate the use of a contrast agent 
where a diagnostic procedure is thought essential, but caution should be exercised (see ADVERSE REACTIONS) 
Premedication with antihistamines or corticosteroids. to avoid or minimize possible allergic reactions in such 
patients, should be considered 

In patients with severe renal insufficiency or failure compensatory biliary excretion of the drug is anticipated to 
occur, with a slow Clearance into the bile Patients with hepatorenal insufficiency should not be examined unless 
the possibility of benefit clearly outweighs the additional risk. Sterile technique must be used with any spinal 
puncture 

When OMNIPAQUE is to be injected using plastic disposable Syringes. the contrast medium should be drawn 
into the syringe and used immediately If nondisposable equipment is used, scrupulous care should be taken to 
prevent residual contamination with traces of cleansing agents. Parenteral drug products should be 
inspected and discarded if particulate matter or discoloration is present. 

epeal Procedures. It in the clinical judgment of the physician sequential or repeat examinations are required. a 
Suitable interval of time between administrations should be observed to allow for normal Clearance of the drug 
from the body 
Information for Patients: When receiving injectable radiopaque diagnostic agents, inform your physician 

If you are pregnant; if you are diabetic: if you have multiple myeloma, pheochromocytoma, homozygous sickle 

cell disease, or known thyroid disorder: if you are allergic to any drugs or food or if you had any reactions to 

previous injections of dyes used for x-ray procedures: about any other medications you are currently taking 
including nonprescription drugs, before you are administered this drug 
Drug Interactions (See WARNINGS-—General): In nonelective procedures in patients on the drugs described 
consider prophylactic use of anticonvulsants 


Carcinogenesis, Mutagenesis, Impairment of Faut: No long-term animal studies have been performed 
to evaluate carcinogenic Tiir mutagenesis, or whether OMNIPAQUE can affect fertility in men or women 
Pregnancy oer : Reproduction studies have been performed in rats and rabbits with up to 100 times the 
recommended dose. No evidence of impaired fertility or harm to the fetus has been demonstrated due to 
OMNIPAQUE: there are, however no studies in pregnant women. Because animal reproduction studies are not 
always predictive of human response, this drug should be used during pregnancy only if clearly indicated 


Nursing Mothers: It is not known to what extent iohexol is excreted in human milk However, Many injectable 
contrast agents are excreted unchanged in human milk. Although it has not been established thal serious adverse 
reactions occur in nursing infants, caution should be exercised when intravascular contrast media are 
administered to tuin women. Bottle teedings may be substituted for breast feedings for 24 hours following 
administration of OMNIPAQUE 
Pediatric Use: Satety and effectiveness in children have not been established 
ADVERSE REACTIONS Intrathecal. The most frequently reported adverse reactions with OMNIPAQUE 180 
OMNIPAQUE 240, and OMNIPAQUE 300 are headache. mild to moderate pain including backache. neck ache and 
Stiffness, nausea and vomiting. These reactions usually occur 1 to 10 hours after injection, and almost all occur 
within 24 hours. They are usually mild to moderate in degree, lasting for a few hours and usually disappearing 
within 24 hours. Rarely, headaches may be severe or persist for Gays. Headache is often accompanied by nausea 
and vomiting and tends to be more frequent and persistent in patients not optimally hydrated. Transient alterations 
in vital signs may occur and their significance must be assessed on an individual basis Those reactions reported 
in clinical studies with OMNIPAQUE are listed below in decreasing order of occurrence, based on Clinical studies 
of 1,624 patients 
Headaches: The most frequently occurring adverse reaction following myelography has been headache. with an 
incidence of approximately 18%. Headaches may be caused either by a direct effect of the contrast medium or by 
CSF leakage at the dural puncture site. However. in managing the patient, it is considered more important to 
minimize intracranial entry of contrast medium by postural management than to attempt to contro! possible CSF 
leakage (see PATIENT MANAGEMENT) 
Pain: Mild to moderate pain including backache, neck ache and Stiffness, and neuralgia occurred following 
injection, with an incidence of about 8% 
Nausea and Vomiting: Nausea was reported with an incidence of about 6% and vomiting about 3% (see PATIENT 
MANAGEMENT) Maintaining normal! hydration is very important The use of phenothiazine antinauseants is not 
recommended (see WARNINGS~General). Reassurance to the patient that the nausea will clear usually is all that is 
required 
Dizziness: Transient dizziness was reported in about 2% of the patients 
Other Reactions: Other reactions occurring with an incividual incidence of less than 0 1% included feeling of 
heaviness, hypotension, hypertonia, sensation of heat. sweating. vertigo, loss of appetite, drowsiness 
hypertension, photophobia, tinnitus neuralgia, paresthesia, difficulty in micturition, and neurological changes. All 
were transient and mild with no clinical sequelae 
General Adverse Reactions to Contrast Media Physicians should remain alert for the occurrence of adverse effects 
in addition to those discussed above, particularly the following reactions which have been reported in the literature 
for other nonionic, water-soluble myelographic media and rarely with iohexol. These have included. but are not 
limited to, aseptic and bacterial meningitis and CNS and other neurologic disturbances 

An aseptic meningitis syndrome has been reported La (less than 0.01%). It was usually preceded by 
pronounce headaches, nausea, and vomiting. Onset usual y occurred about 12 to 18 hours postprocedure 

ominent features were meningismus and fever, sometimes with oculomotor signs and menta! confusion. Lumbar 
puncture revealed a high white cell count and high protein content, often with a low glucose level and absence of 
organisms The condition usually started to clear spontaneously about 10 hours after onset. with complete 
recovery over 2 to 3 days 
Allergy or Idiosyncrasy: Chills, fever, profuse Giaphoresis, pruritus, urticaria, nasal Congestion, dyspnea, and 
Guillain-Barré syndrome 
CNS Irritation: Mild and transitory perceptual aberrations. such as hallucinations, depersonalization, amnesia 
hostility, amblyopia, diplopia, photophobia, psychosis. insomnia, anxiety, depression, hyperesthesia, visual or 
auditory or speech disturbances, confusion and disorientation In addition, malaise, weakness. EEG changes 
meningismus, hyperreflexia or areflexia. hypertonia or flaccidity, hemiplegia, paralysis. quadriplegia. restlessness, 
tremor, echoacousia, echolalia, asterixis, and dyspnasia have occurred 

Profound mental disturbances have also rarely been reported: various forms and degrees of aphasia, mental 
confusion, or disorientation. Onset is usually at 8 to 10 hours and lasts tor about 24 hours yc they have 
been manifest as apprehension, agitation, or progressive withdrawal in several instances to the point o 
somnolence, stupor, and coma. In a few cases, these have been accompanied by transitory hearing loss or other 
auditory symptoms and visual disturbances (believed subjective or delusional). including unilateral or bilateral 
loss of vision, which may last for hours In one case, persistent cortical loss of vision has been reported in 
association with convulsions. Ventricular block has been reported. amnesia of varying degrees may be present tor 
the reaction event 

Rarely. persistent though transitory weakness in the leg or ocular muscles has been reported Peripheral 
neuropathies have been rare and transitory They include sensory and/or motor or nerve root disturbance 
myelitis, persistent leg muscle pain or weakness. 6th nerve palsy, or cauda equina syndrome. Muscle cramps, 
fasciculation or myoclonia, spinal convulsion, or spasticity are unusual and have responded promptly to a small 
intravenous dose of diazepam 

In general, the reactions that are known to occur on parenteral administration of iodinated contrast agents are 
possible with any nonionic agent Approximately 95% of adverse reactions accompanying the use of water-soluble 
contrast agents are mild to moderate in degree. However, severe. life-threatening, anaphylactoid, and fatal 
reactions, mostly of cardiovascular origin, have occurred. Adverse reactions to injectable contrast media fall into 
two Categories: chemotoxic reactions and idiosyncratic reactions 
Chemotoxic reactions result from the physicochemical properties of the contrast medium, the amount of the dose 
and the speed of injection. All hemodynamic disturbances and in juries to organs or vessels perfused by the 
contrast medium are included in this category 
Idiosyncratic reactions occur more frequently in patients 20 to 40 years old and May or May not be dependent on 
the amount of dose injected, the speed of injection, and the radiographic procedure They are subdivided into 
minor, intermediate, and severe. The minor reactions are self-limited and of short duration: the severe reactions 
are life-threatening, and treatment is urgent and mandatory 

The reported incidence of adverse reactions to the contrast medium in patients with a history of allergy is twice 
that of the general population. Patients with a history of previous reactions to a contrast medium are three times 
more susceptible than other patients. However, sensitivity to contrast media does not appear to increase with 
repeated examination 

Most adverse reactions to injectable contrast media appear within 1 to 3 minutes after the start of injection, but 
delayed reactions may occur 
OVERDOSAGE: Although clinical consequences ot overdosage with OMNIPAQUE have not been reported 
physicians should be aware that incorrect management of the patient can permit inadvertent early intracranial entry 
of normal doses of the medium, thereby increasing CNS reactions 
__ The intracisternal LD<9 value of OMNIPAQUE (in grams of iodine per kilogram body weight) is greater than 2 0 
in mice 


References: 1. Kieffer SA, Binet EF Davis DO. et al: Lumbar myelography with iohexol and metrizamide 
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cervical myelography with a new nonionic contrast medium. /nvest Radio! 1985: 20(supp! 1):44-50 3. Latchaw RE 
Hirsch WL Jr, Horton JA, et al: lohexol vs metrizamide Study of efficacy and morbidity in cervical myelography 
AJNR 1985, 6:931-933. 4. Data on file, Winthrop Pharmaceuticals 5. Lamb JT: lohexol vs iopamidol for 
myelography. /nvest Radiol 1985; 20(supp! 1):37-43 
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Intravascular Contrast 
Media: Adverse Reactions 





Although relatively safe, the use of conventional ionic contrast material is asso- 
ciated with a variety of risks. Preliminary data indicate that the new nonionic and 
low-osmolarity ionic contrast materials are associated with fewer adverse reactions; 
however, their much greater cost has prevented them from being adopted univer- 
sally. Furthermore, as this cost represents increased production expenses as well 
as defrayment of lengthy research and development, it is unlikely that there will be 
a significant price reduction in the near future. 

Many institutions have chosen to use low-osmolarity contrast media only in 
those patients most likely to develop complications. A policy of limited use of low- 
osmolarity media requires a thorough understanding of the numerous risks asso- 
ciated with intravascular injection of high-osmolarity ionic contrast material. This 
discussion summarizes these risks. 


idiosyncratic and Nonidiosyncratic Reactions to Contrast Media 


Contrast reactions represent the most common complications of intravascular 
contrast administration. These have been observed in 2-10% of patients receiving 
contrast media [1-6]. Fortunately, most reactions are minor (warmth, nausea, 
vomiting, minor urticaria, or itching), and no treatment is required. Reactions that 
require treatment but are not considered life-threatening occur in a small but 
significant number of patients who have a reaction [1]. Life-threatening reactions 
such as laryngeal and facial edema, serious cardiac arrhythmias, severe broncho- 
spasm, pulmonary edema, and cardiovascular collapse have been detected in from 
1/3000 to 1/14,000 patients undergoing contrast studies; however, 96% of patients 
with these potentially fatal reactions can be resuscitated with aggressive treatment 
[2, 7]. Mortality from contrast reactions has ranged from 1/14,000 [1] to 1/117,000 
[7]. 

Contrast reactions may be classified as idiosyncratic or nonidiosyncratic. Idio- 
syncratic reactions are considered to be “allergic-type” reactions and range from 
hives and itching to facial and laryngeal edema, bronchospasm, and circulatory 
collapse. Nonidiosyncratic reactions are thought to result from direct toxic effects 
of contrast material and/or contrast hyperosmolarity, and include nausea, vorniting, 
cardiac arrhythmias, pulmonary edema, and cardiovascular collapse. Distinction 
between these two types of reactions is desirable, as patients with a history of 
idiosyncratic reactions may benefit from steroid and antihistamine prophylaxis, but 
such distinction may occasionally be impossible. 

The presence of any allergy has been found to double the frequency of contrast 
reactions [1] and quadruple the rate of severe reactions [2]. Patients with asthma 
and seafood/shelifish allergies react only twice and three times as often as 
nonallergic patients, respectively [1]. Repeat or recurrent reactions have been 
reported in 15-60% of patients with a history of previous contrast reactions, with 
nearly 20% of patients developing identical severe reactions [1, 3, 8]. The presence 
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of underlying cardiac arrhythmias predisposes patients to 
serious arrhythmias after contrast infusion [9]. 

Several other factors may be associated with a greater 
frequency of contrast reactions. Shehadi [1] noted an overall 
higher frequency when patients were given IV rather than 
intraarterial injections, while Ansell et al. [2] reported a higher 
frequency of reactions when the total iodine dose exceeded 
20 g. Some researchers have observed that very young and 
elderly patients were more likely to react to contrast material 
[10]. Obviously, patients with electrolyte disturbances, partic- 
ularly hyperkalemia, are at risk for developing serious arrhyth- 
mias after contrast infusion. 

Although several hypotheses have been offered, the exact 
mechanism for idiosyncratic contrast reactions has not been 
discovered. The presence of hives, itching, and broncho- 
spasm in many patients has suggested immune hypersensi- 
tivity or anaphylaxis as possible causes. Antibodies formed 
to similar compounds that occur elsewhere in the environment 
may cross-react with contrast material and result in an allergic 
reaction in some patients who receive contrast material for 
the first time. Many patients might be sensitized by the 
contrast material itself and react only after repeated injections. 

Brasch and Caldwell [11] found that patients suffering from 
severe reactions had significantly greater contrast binding by 
their serum globulin than did nonreactors. An IgE response 
has been elicited to contrast material that was conjugated 
with protein and injected into guinea pigs [12]. IgE antibodies 
to contrast material also have been detected in at least one 
patient reacting to an IV cholangiogram [13]. 

Despite this evidence that reactions to contrast media might 
be mediated by the immune system, several other observa- 
tions suggest that many (and perhaps most) reactions are not 
the result of classic IgE-antigen interactions. Rats immunized 
with unconjugated protein do not manufacture anticontrast 
IgE [14]. Many researchers have analyzed the blood from 
patients with contrast reactions and have been unable to 
detect anticontrast antibodies of any type [15]. In his exten- 
sive study on contrast reactions, Shehadi [3] noticed that 
some patients did not react repeatedly to contrast material 
after an “allergic-type” response. One would expect a true 
hypersensitivity reaction to be consistent. As these examples 
show, a clear allergic or hypersensitivity response has not 
been seen in many instances. Most, therefore, consider con- 
trast reactions to be “anaphylactoid” or allergic-like rather 
than “anaphylactic” [4, 16]. 

Radiographic contrast material can induce histamine re- 
lease from basophils and mast cells [4, 17], although this is 
probably a secondary rather than a direct effect. A variety of 
hyperosmolar agents (including contrast material) may directly 
incite histamine liberation, although the time course of most 
radiographic contrast reactions differs significantly from that 
of most hyperosmolar—histamine-release reactions. 

Contrast material also affects both the complement and 
coagulation systems. Contrast media can directly activate the 
classic and alternate complement pathways, although, as 
Lasser [16] points out, it is unlikely that this interaction occurs 
to any significant extent in vivo, as contrast concentrations 
are not sufficiently high to produce much complement acti- 


AJR:149, October 1987 


vation in this fashion. A small number of contrast reactors 
develop coagulopathies, although again, this most likely rep- 
resents secondary effects instead of any direct action on the 
coagulation system [16]. 

Recently, the contact system has been implicated as a 
cause of radiographic contrast reactions. This system begins 
with activation of clotting factor XII (possibly by local disrup- 
tion of vascular endothelium by radiographic contrast mate- 
rial), but unlike the coagulation system, continues through a 
protein cascade involving formation of kallikrein from prekal- 
likrein and of kinins from high-molecular-weight kininogens 
[16]. Patients with reactions to contrast material have a higher 
rate of prekallikrein-kallikrein transformation than nonreactors 
[18, 19]. identifying those patients with rapid prekallikrein- 
kallikrein conversion rates can, in fact, select a population 
more likely to react to contrast material but, because this 
assay is expensive, it probably will never be widely used as 
a screening procedure. 

Lalli [20] has stated that the CNS may be important in 
amplifying the severity of a contrast reaction. Initial warmth, 
nausea, and vomiting, seen in a large number of patients, 
may result from a preliminary neurologic stimulus and may 
precipitate more severe cardiovascular and allergic-type re- 
actions in patients who have become particularly anxious 
either because of those early sensations or because of a 
nervous radiologist or technologist. 

Occasionally, we and others have noted clustering of con- 
trast reactions, suggesting that reactions may have more to 
do with the nature of the contrast agent than with the patient. 
For example, in Winter’s study [21], the prevalence of con- 
trast reactions was 3.3% for all patients; however, if the 
previous patient had a reaction, the prevalence increased to 
30% for the next patient. Hamilton [22] also noted a clustering 
of anaphylactoid reactions possibly caused by contrast con- 
tamination by chemical allergens from rubber in the plastic 
syringes used to inject the contrast material. This observation 
had led to a recommendation by Fischer (see [22]) that 
radiographic contrast material should not be left in contact 
with rubber syringes for more than a few minutes, and that 
rubber-stoppered bottles de left upright when stored, because 
components of the rubber can become soluble in contrast 
material within a relatively short period of time. 

Additives to contrast material may elicit hemodynamic or 
electrolyte disturbances that occasionally might lead to a 
serious nonidiosyncratic reaction. The calcium-chelating 
agents sodium citrate and edetate disodium in Renografin-76 
(Squibb Diagnostics, New Brunswick, NJ) have a negative 
inotropic effect on the heart and cause a mild, but significant, 
systemic hypocalcemia beyond that observed when contrast 
material containing no chelating agents is used [23, 24]. 

Once patients who are more likely to react to contrast 
material are identified, several precautions are recommended. 
lf a patient has had a previous moderate or severe reaction, 
an alternate imaging study not requiring intravascular contrast 
material should be substituted for the contrast study, if at all 
possible. If a contrast study must be performed in a patient 
with a previous idiosyncratic reaction, preparation with ste- 
roids (with the first dose given at least 12 hr before the study) 
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is recommenced [15]. Many suggest that preprocedural di- 
phenhycrarnine and cimetidine (H1 and H2 antihistamines) be 
used as well. Greenberger and coworkers [8, 25] have shown 
that ephedrine decreases recurrent contrast reaction rates 
from 9% {for patients pretreated with steroids and diphenhy- 
dramine) to 3%, although this agent must be used with caution 
in patients: with heart disease, hypertension, or hyperthyroid- 
ism. In additien, recent reports suggest that the frequency of 
recurrent severe idiosyncratic reactions may be further re- 
duced by usiag nonionic agents [5, 26]. It may be prudent to 
have an anesthesiologistin the radiology department in case 
intubation is required. |f respiratory compromise is antici- 
pated, patients can ever be intubated prophylactically. De- 
spite all these measures. severe contrast reactions will still 
be fatal in a small minority of cases. 

if a patient has had a previous minor reaction, premedica- 
tion is also advocated, at east with steroids and possibly with 
cimetidine aad diphenhydramine. Again, as low-osmolarity 
contrast.ageits seem to cause fewer reactions in any patient 
with a contrast allergy 27], they are recommended over 
conventional contrast agents in this group of patients. Pre- 
medication may also be given to patients with multiple aller- 
gies or asthma, and use of low-osmolarity contrast material 
in patients:with these abnormalities is probably also warranted 
[5, 28-32]. 

There has been some confusion concerning the frequency 
of contrast reactions from direct intrarenal collecting system 
injection (i.e.. antegrade er retrograde pyelography), probably 
because of lack of data. There are only anecdotal cases of 
anaphylactoic reactions developing in patients undergoing 
such studies (33, 34]; nonetheless, they do occur, possibly 
because of adsorption across the uroepithelium and/or extra- 
vasation. Therefore, retrograde pyelography should be per- 
formed with caution in patients with contrast allergies, partic- 
ularly in those cases in which the previous reaction has been 
severe. An argument can be made for using nonionic agents 
in these-patients. 





Aggravation of Specific Disease Processes by 
Radiographic Contrast Material 


A variety cf disease processes are occasionally aggravated 
by intravascular contrast administration. Hypertensive crises 
can result fram contrast media infusion in patients with pheo- 
chromocytomas during adrenal arteriography [35], adrenal 
venography | 36], and enhanced CT [37, 38]. In a study by 
Raisanen et al. [39], five of eight patients with pheochromo- 
cytomas developed serum norepinephrine elevations high 
enough to cause hypertension if the patients had not been 
premedicated with the aipha-blocker phenoxybenzamine be- 
fore excretcry urography. Thus, significant norepinephrine 
release by these neoplasms after contrast injection appears 
to be commen. 

Contrast iaduction of sickle-cell crisis has been reported in 
patierts wit sickle-cell anemia [40]. Patients with poorly 
controled hyperthyroidism can similarly deteriorate into thy- 
roid storm [47 ]. Several patients with myasthenia gravis have 
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developed marked worsening of their symptoms (including 
apnea requiring intubation) after radiographic contrast infusion 
[42]. Although such aggravation of myasthenia may be se- 
vere, in our experience it is rare. 

The exact mechanism of action of the “contrast reaction” 
may differ in the above diseases, although in every case 
contrast hyperosmolarity and/or cytotoxicity is thought to 
play an important role. While it is feasible to substitute non- 
ionic or low-osmolarity ionic contrast agents for conventional 
contrast media (in addition to taking several other precautions, 
such as use of alpha-blockers in patients with pheochromo- 
cytomas, and propyithiouracil and/or beta-blockers in patients 
with hyperthyroidism), no data are available to substantiate a 
decreased risk of complications from the new contrast ma- 
terials. 


Contrast Nephropathy 


Radiographic contrast material is the third most common 
cause of hospital-acquired renal failure, exceeded only by low 
perfusion states and surgery [43]. Contrast nephropathy, 
usually defined as an increase in serum creatinine of 1 mg/dl 
and/or 25-50% after intravascular contrast administration, is 
most frequently nonoliguric and self-limited [44, 45]. Serum 
creatinine values rise within 24 hr of infusion, peak by 2-5 
days, and return to normal by 7-12 days in most patients 
[44]. A delayed nephrogram at 24 hr has been observed in 
83% of patients with contrast nephropathy; however, some 
patients with delayed nephrograms do not have detectable 
renal dysfunction [46]. Only rarely is renal damage from 
radiographic contrast media permanent. Permanent renal 
damage is encountered more often in those patients whose 
acute renal failure is oliguric. 

The prevalence of contrast nephropathy varies widely from 
one study to another, reflecting the differences in contrast 
volumes, patient populations, and patient follow-up, and the 
differing definitions of contrast nephropathy. While some stud- 
les have reported frequencies of only 0-1.6% [45-47], others 
have detected compromised renal function in 7-31% of all 
patients after contrast studies [48-50]. Radiographic contrast 
material probably is held responsible for some cases of renal 
failure resulting from other causes. A temporal relationship 
between contrast administration and renal dysfunction can 
certainly be coincidental. For example, in a study by Cramer 
et al. [48]. seven of 426 patients experienced creatinine 
elevations after CT examinations. Interestingly, 233 patients, 
including three of the seven who developed renal dysfunction, 
had not received IV contrast material [48]. 

Several groups of patients are at increased risk for devel- 
oping contrast nephropathy. According to most researchers, 
preexisting azotemia is associated with an increased preva- 
lence of contrast-induced renal failure (14.8-70% of patients 
[44, 46, 49. 51, 52]). The higher the baseline serum creatinine 
value, the more frequent and more severe will be the renal 
compromise. In two recent series, however, no relationship 
between preexisting renal disease and contrast nephropathy 
could be shown, although these reports examined a relatively 
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small number of patients (100 and 125, respectively) receiving 
comparatively low doses of contrast media (mean dose, 100 
and 65 mi, respectively) [43, 45]. 

Patients with diabetes mellitus, particularly those who are 
insulin dependent, are more likely to develop contrast-induced 
renal failure [43, 44]. This may be due to the presence of 
underlying renal disease even in those patients with normal 
pretest serum creatinine levels. Patients with diabetes and 
elevated baseline creatinine levels are most prone to suffer 
from contrast nephropathy, with rates of 50-100% for pa- 
tients with creatinine values over 3.5 mg/dl [44]. 

Contrast nephropathy probably is not seen with greatly 
increased frequency in patients with multiple myeloma [53]; 
however, when it occurs it may be associated with significant 
patient morbidity and mortality. In a retrospective study of 
201 myeloma patients who had excretory urograms [54], 
Meyers and Witten reported that two patients died of oliguric 
renal failure shortly after their studies. However, in only 39 
patients in this series were blood urea nitrogen (BUN) levels 
obtained before and after the studies. Of these, only three of 
21 patients with normal baseline values had abrupt elevations 
of their BUN levels after urography [54]. Vix [55] failed to find 
a single instance of worsening azotemia after contrast admin- 
istration in his report on 40 patients with multiple myeloma. 
Thus, it is likely that it is only those myeloma patients with 
preexisting renal disease who are at some increased risk for 
developing significant contrast nephropathy [44]. 

Probably, several other less well known conditions also are 
associated with a high frequency of contrast-induced renal 
failure. These include patients with severe (class IV) conges- 
tive heart failure, those who have had multiple contrast stud- 
ies within 72 hr, those receiving large volumes of contrast 
material, and those with markedly elevated uric acid levels 
[43, 44]. Many now believe that a number of previously 
acknowledged risk factors (such as dehydration, hyperten- 
sion, peripheral vascular disease, proteinuria, age over 65 
years, and injection of contrast material proximal to the renal 
vessels) do not predispose patients to contrast nephropathy, 
unless there is preexisting renal damage [44]. 

The mechanism of contrast-induced renal failure has not 
yet been explained. Possible causes include decreased renal 
blood flow or renal hemodynamics caused by contrast hyper- 
osmolarity, direct cytotoxic effect of contrast material on renal 
tubule cells, protein precipitation (Tamm-Horsfall or Bence 
Jones), or uricosuria [50, 52, 55-58]. Hyperosmolarity and 
cytotoxicity are thought to represent the most likely causes 
of contrast nephropathy, and cytotoxicity is favored [59]. 
Dehydration and acute tubular necrosis rather than Bence 
Jones protein precipitation is probably the mechanism in- 
volved in many patients with multiple myeloma [60, 61], while 
the uricosuric effect of contrast material can lead to urate 
nephropathy in patients with severe baseline hyperuricemia. 

Prevention of contrast nephropathy involves identification 
of those patients who are at increased risk. Frequently, 
desired information can be obtained from such patients via a 
Study that requires no intravascular contrast material. If a 
contrast study must be performed, contrast dose should be 
limited to that amount required to perform a diagnostic study. 
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Periprocedural hydration with saline, and/or mannitol and 
furosemide, is advocated particularly for patients with multiple 
myeloma [44, 45, 61]. As the low-osmolarity contrast media 
are significantly less hypertonic and perhaps less cytotoxic 
than the conventional high-osmolarity ionic agents, the former 
may further reduce the prevalence of contrast nephropathy 
[57, 62]. 

Treatment of contrast nephropathy is usually supportive, 
consisting of monitoring electrolytes and maintaining fluid 
balance. Only in rare cases is dialysis required, and in all but 
a small number of patients, dialysis is temporary. 


Pain from Intraarterial Injection 


lonic contrast material causes strong sensations of heat, 
pain, and discomfort during peripheral arteriography. This is 
probably due to the high osmolarity of the contrast media and 
not related to the local vasodilation that results from intravas- 
cular administration of both conventional high-osmolarity and 
the new low-osmolarity agents [63-65]. Recently, low-os- 
molarity contrast material has been shown to markedly reduce 
the patient's discomfort [64-66], and many have therefore 
recommended that these newer agents be exclusively em- 
ployed for aortobifemoral, upper extremity, and carotid arte- 
riography. 


Postvenography Thrombophlebitis 


A specific complication of lower extremity venography is 
thrombophlebitis. This may result from local irritation of ve- 
nous endothelium by hyperosmolar contrast material (Bett- 
mann et al., unpublished data). While postvenography phie- 
bitis has been diagnosed by ‘*I-fibrinogen scanning in 29% 
of patients according to one study [67], in our experience it 
is encountered infrequently. Such a discrepancy can be ex- 
plained partly by the facts that (1) I fibrinogen studies are 
sensitive, but not specific (particularly for clot in the thigh and 
in pelvic veins) [68], and (2) we use dilute contrast material 
(45% by weight) rather than the full-strength (60% by weight) 
conventional ionic contrast material used by Walters et al. 
[67]. Patients who develop thrombophlebitis after venography 
usually present with increased lower extremity pain, swelling, 
and tenderness, although up to 20% of patients can be 
asymptomatic [69]. Symptoms often do not appear until 24 
hr after the venogram has been performed [70]. 

The frequency of postvenography thrombophlebitis prob- 
ably can be reduced by vigorously flushing the punctured vein 
with heparinized saline after completion of the study, by 
ambulating patients soon after their venograms, and possibly 
by studying patients in the supine position [70]. Low-osmo- 
larity contrast material may further decrease the chances of 
this complication, although recently Bettmann and coworkers 
noted no difference in the frequency of '**I-detectable throm- 
bophlebitis after venography in patients receiving 43%-by- 
weight conventional contrast (8%) vs those injected with an 
equivalent dilution of nonionic contrast (9%) (Bettman et al., 
unpublished data). Therefore, the need for preferential use of 
the low-osmolarity agents has not been proved. 
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Extravasatior 


Extravasatien of radiographic contrast material is a com- 
mon occurrence. Fortunately, in most cases it is not a serious 
problem, and after some nitial pain, erythema, and swelling, 
resolves without any sequelae [71]. Occasionally, significant 
tissue necrosis develops ‘rom as little as 10 ml of subcuta- 
neous or intramuscular contrast material. Extravasation inju- 
ries are more frequently serious in patients who are more 
than 60 years old and in those who are less than 1 year old 
[72, 73]. Skia may slough, adjacent arteries can become 
occluded, anc nearby nerves and tendons can be irreparably 
damaged. 

The risk of extravasatiən is increased when (1) injections 
are made over the dorsum of the foot, dorsum of the hand, 
or ankle, (2) the same vein is punctured multiple times, (3) 
steel needles are used rather than metal cannulae, (4) punc- 
tures are peripheral to a tourniquet or an obstructed vein, or 
(5) the injection is performed in a region that has been 
irradiated previously [74, 75]. Injury from extravasation is 
more likely in patients who have compromised local circula- 
tion, as extravascular centrast clearance can be delayed 
markedly. Patients with peripheral vascular disease, Raynaud 
phenomenon, diabetes mellitus, deep venous thrombosis, or 
other causes of arterial orvenous insufficiency are most likely 
to develop serious complications [71, 75, 76]. 

All extravasation injuries are thought to result from one or 
several of five mechanisms: hyperosmolarity of the infusate, 
direct chemotoxicity, infection, compression of subcutaneous 
tissues by large volumes of extravasate, or local ischemia 
{71, 75, 76]. The first twoanechanisms have been considered 
primarily responsible for tssue damage from contrast media. 
it follows that low-osmolarity contrast agents might reduce 
the frequency and/or severity of contrast extravasation inju- 
ries [77]. However, McAlister and Palmer [77] observed that 
there was no lessening cf the acute inflammatory response 
to 1 mi of fluid injected subcutaneously or intramuscularly in 
rats, when 60% high-osmolarity contrast was diluted with an 
equal volume-of saline or water. Thus, the benefit of lowering 
contrast osmolarity in patients susceptible to extravasation 
injuries has not yet been shown. 


Conclusion 


lt is important to identi?y those patients at greatest risk for 
developing complications:from intravascular contrast material 
so that appropriate precautions can be taken before their 
studies. These patients should be monitored closely during 
their procedures and follewed carefully afterward by the ra- 
diologist-and the referring physician. 

The decision whether to use nonionic or low-osmolarity 
ionic contrast agents remains difficult. The much greater 
expense of these newer contrast materials represents a sig- 
nificant addition to alreacy large health-care costs. Although 
promising, the benefit of universal use of nonionic and low- 
osmolarity ionic contrast media is not yet well documented. 
Until studies substantiating such a benefit can be generated, 
a thorough knowledge of the extent of risk of conventional 
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ionic contrast agents must be used to guide decisions con- 
cerning the selective use of the low-osmolarity media. 
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Noninfectious Complications 
of Long-Term Central 
Venous Catheters: Radiologic 
Evaluation and Management 





During a 5-year period, 416 long-term double-lumen central venous catheters were 
inserted into 288 patients. in these patients, 106 catheter venograms and nine upper 
extremity venograms were performed. All studies were reviewed retrospectively to 
determine the nature and prevalence of noninfectious catheter-related complications, 
to evaluate the efficacy and safety of streptokinase therapy, and to determine if catheter 
venography should be performed before streptokinase therapy is started. Noninfectious 
complications occurred in 66 (23%) patients. Complications that resulted in catheter 
malfunction included deposition of fibrin around the catheter tip (formation of a fibrin 
sheath) in 44 (57%) instances, a constricting suture in six, abutment of the catheter tip 
against the venous wall in eight, catheter leak in two, and migration of the catheter 
completely out of the vein in three. Venous thrombosis developed in 11 patients. 
Treatment with low doses of streptokinase successfully relieved catheter obstruction 
due to a fibrin sheath in 27 (87%) of 31 instances. No bleeding complications occurred. 
Five patients had malpositioned catheters in the azygous, axillary, or internal jugular 
veins. By use of a deflector wire or snare inserted via the femoral vein, all five were 
relocated successfully into the superior vena Cava. 

Recognition of noninfectious complications associated with use of long-term catheters 
is important for institution of appropriate therapy, which in many instances obviates 
removal of the catheter. Formation of a fibrin sheath in only 57% of cases of catheter 
malfunction provides an argument for performing catheter venography before strepto- 
kinase therapy is started. Low-dose streptokinase therapy for long-term central venous 
catheters occluded by a fibrin sheath is safe and efficacious. 


Hickman [1] and Cook [2] double-lumen silastic central venous catheters have 
been used for long-term venous access most frequently in cancer patients who 
require chemotherapy, transfusions, and blood sampling for an extended period. 
The tip of the catheter is placed into the right atrium or superior vena cava from 
the cephalic, subclavian, or external jugular vein by direct venous puncture or 
cutdown [3-5]. As experience with these catheters has accrued, complications 
have occurred, including deposition of a sheath of fibrin around the catheter tip [6], 
venous thrombosis, tight sutures, catheter migration, and malpositioned catheter 
tips. Recognition of these complications is important for proper therapeutic inter- 
vention. This report describes our 5.5-year experience with noninfectious compli- 
cations of long-term central venous catheters, including venographic evaluation 
and therapeutic intervention in selected cases. 


Materials and Methods 


During the 5-year period ending June 30, 1986, 416 double-lumen silastic central venous 
catheters were inserted into 288 patients. All catheter and upper extremity venograms 
performed on these patients during the 5.5-year period ending December 31, 1986, were 
reviewed retrospectively. 

All catheters were introduced from a skin stab wound in the upper anterior abdominal wall 
and were tunneled subcutaneously aiong the anterior chest wall. Via a second incision, in the 
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upper anterior chest wall, the catheter tips then were placed into the 
superior vena Cava or right atrium by one of two techniques, depend- 
ing on the catheter type. Before August 15, 1983, the Hickman 
melded double-lumen catheter (Evermed, Medina, WA) (Fig. 1) was 
used exclusively (117 cases). The tip of this catheter was inserted 
through a venotomy in the surgically exposed cephalic or external 
jugular vein [3]. The venotomy was closed by placing a suture around 
the catheter. After August 15, 1983, an extruded double-lumen 
catheter (Cook, Inc., Bloomington, IN) (Fig. 1) was used exclusively 
(299 cases). The tip of this catheter was inserted through a peel- 
away sheath, which was introduced via a direct puncture of the 
subclavian vein [4, 5]. Surgical exposure of the vein was unnecessary, 
and no suture was placed around the catheter. 

After they were discharged from the hospital, patients flushed their 
catheters daily with heparinized saline but did not routinely check the 
catheters for blood return. If diminished or absent blood return was 
discovered on readmission to the hospital (e.g., for chemotherapy), 
the exact duration of catheter malfunction was not always known. 

One hundred six catheter venograms were performed in 68 pa- 
tients. Under fluoroscopy, water-soluble contrast material was in- 
jected directly into the lumen of the malfunctioning catheter, and a 
radiograph of the entire catheter was obtained. Seventy-seven of 
these studies were performed to investigate clinical evidence of 
catheter malfunction, which included diminished or absent blood 
return in 58, difficulty infusing fluids in 12, pain during infusion in four, 
fever in two, and leak of infused material from the skin site in one. 
Two studies were performed in patients who had arm swelling, 10 
were performed to determine the exact location (intra- or extravas- 
cular) of the tip of normally functioning catheters, and 17 were 
performed to determine the efficacy of streptokinase therapy. 

Seven upper extremity venograms were performed in patients who 
had arm swelling. Two arm venograms were performed after systemic 
streptokinase therapy for the treatment of thrombosis of the axillary 
and subclavian veins. 

If an occluding fibrin sheath was discovered, a low dosage of 
streptokinase (3000 units per lumen per hour) was infused into the 
catheter for 12 hr. If normal function was not reestablished, infusion 
was continued for an additional 12 hr [7]. 

lf the catheter tip was in a location other than the superior vena 
cava or right atrium, it was repositioned [8]. Via a percutaneous 
approach through the femoral vein, a 5-French catheter was posi- 
tioned adjacent to the malpositioned catheter. A deflector wire (Cook, 
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Fig. 1.—Catheter shapes. Cross- 
sectional views of Hickman melded 
catheter (/eft) and Cook extruded cath- 
eter (right). 


Fig. 2.—Catheter repositioning. Ra- 
diograph of neck shows malpositioned 
Hickman catheter (straight arrow) 
within internal jugular vein. A tip deflec- 
tor wire (curved arrow) is inserted 
through a 5-French catheter via a per- 
cutaneous approach through the fem- 
oral vein to hook the Hickman catheter. 
Catheter tip then is pulled down into 
superior vena Cava. 


Inc.) was inserted through a 5-French catheter to hook the indwelling 
central venous catheter (Fig. 2). The catheter tip then was withdrawn 
into the superior vena cava or right atrium. In one patient who had a 
malpositioned catheter in the axillary vein, a Snare was used to pull 
the catheter tip into the superior vena Cava. 


Results 


Noninfectious catheter-related complications occurred in 66 
(23%) of 288 patients. Sixty-seven (87%) of 77 venographic 
Studies performed to investigate catheter malfunction showed 
abnormalities. In 10 studies, no abnormality was identified. A 
comparison of complications for each catheter type is shown 
in Table 1. 

Catheter malfunction was due to an occluding fibrin sheath 
Surrounding the distal (intravascular) end of the catheter in 44 
(57%) of 77 examinations (Fig. 3). Low-dose streptokinase 
therapy was given in 31 instances and was successful in 27 
(87%). Six patients received two courses of streptokinase 


TABLE 1: Complications Associated with Use of Long-Term 
Central Venous Catheters 





Type of Catheter 
Venographic Findings 


Hickman Cook 

Fibrin sheath 24 20 
Catheter migration 8 10 
Catheter constriction by a suture 6 0 
Catheter tip abutment against vein 

wall 2 6 
Contrast extravasation 3 1 
Malpositioned catheter tips 2 3 
Catheter leak 1 1 
Complete catheter occlusion 0 1 
Venous thrombosis 6 6 
No abnormality 2 8 





Note.—Results are for 77 catheter venograms and seven upper extremity 
venograms. Seventeen catheter venograms showed more than one abnormal- 


ity 
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Fig. 3.—Centrast material in- 
jected via catheter shows a fibrin 
sheath (arrows) obstructing cathe- 
ter in superior vena cava. Patency 
was restored after 12 hr cf low- 
dose streptokinase therapy. 


COMPLICATIONS OF CENTRAL VENOUS CATHETERS 


Fig. 4.—Injection of contrast ma- 
terial shows spontaneous migration 
of catheter back into subcutaneous 
tissues (straight white arrows), 
which pulled tip of catheter (curved 
black arrow) out of subclavian vein. 


Fig. 5.—Contrast material in- 
jected via catheter shows tip of 
catheter abutting wall of superior 
vena Cava (arrow), preventing as- 
piration of blood. 
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Fig. 6.—Injection of contrast ma- 
terial into catheter shows tight su- 
ture (arrow) at site of catheter in- 
sertion into cephalic vein, prevent- 
ing aspiration of blood. 


therapy for recurrent formation of a fibrin sheath. One patient 
was treated three times. The interval between the first for- 
mation ef a sheath and its recurrence ranged from 8 to 156 
days (Table 2). 

Lysis of the fibrin sheath was documented by repeat cath- 
eter venography in 11 cases. In the remaining 16, return of 
normal catheter function was considered sufficient evidence 
of therapeutic success. Streptokinase therapy was unsuc- 
cessful in faur patients. Persistence of a fibrin sheath was 
shown by repeat catheter venography in two of these pa- 
tients. 

Catheters had partially or completely migrated back into 
the subcutaneous tract in 18 cases. This did not, however, 
cause catheter malfunction unless the tip had been pulled 
compietely out of the vein (three cases) (Fig. 4) or the tip had 
been pulled back into a position abutting the wall of the 
superior vena cava (five cases) (Fig. 5). In three patients, the 
catheter tip abutted the vein wall without evidence of catheter 
migration. No fibrin sheath was present. 

In six Cases, a tight suture at the venous site of insertion 
(Fig. 5) was responsible for catheter malfunction. In one of 
the six cases, catheter malfunction occurred at the time of 
insertion, although the cause was not apparent. However, in 


the other five, catheter function was initially normal. The 
interval between insertion and malfunction in these instances 
ranged from 6 days to 4 months. 

In two patients, contrast material extravasated from a 
punctured catheter near the catheter’s site of insertion. In 
two others, contrast extravasated by tracking back along a 
fibrin sheath that surrounded the tip of a normally positioned 
catheter. One catheter was occluded completely, and con- 
trast material could not be injected. 

Five catheters were malpositioned, one each in the azygous 
and axillary veins and three in the internal jugular vein. The 
catheter in the azygous vein abutted the wall of the vein, 
preventing blood return. All were repositioned successfully 
into the superior vena cava or right atrium (Fig. 2). 

Two patients with diminished blood return did not have 
catheter venograms at first but were treated empirically with 
streptokinase and subsequently were evaluated by venogra- 
phy because of continued catheter malfunction. One of these 
Studies showed a fibrin sheath and extravasation of contrast 
into the subcutaneous tissues from a hole in the catheter. 
The second study showed a patent catheter with its tip 
abutting the wall of the superior vena cava, preventing blood 
return. 
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TABLE 2: indications, Results, and Treatment for Patients Who Had Multiple Venographic Examinations for Catheter Malfunction 


a Re A RG A AER NING OTE TS AS NEN TOS ECE EE SL ES a ER TET NET Pa ERIE I IL NATE ISLE LEIS ILE LS ENE LES ELLE EL ELE LETTE CEN TET TECTIA a a TIATED EE AEE, 


Patient Examination _,No- of Days Indication for 
No No Alter Catheter Examination 
eh eee te er Meare! Sertion 
3 1 17 Difficult aspiration 
2 52 Fever 
6 1 210 Difficult infusion 
2 251 Difficult infusion 
3 398 Difficult aspiration 
4 415 Difficult aspiration 
13 1 80 Difficult aspiration 
2 150 Difficult aspiration 
19 1 16 Difficult aspiration 
2 39 Difficult aspiration 
3 66 Difficult aspiration 
20 1 14 Difficult aspiration 
2 170 Difficult aspiration 
27 1 7 Difficult infusion 
2 15 Difficult infusion 
3 21 Arm swelling 
47 1 37 Difficult aspiration 
2 52 Difficult aspiration 
3 111 Follow-up empiric 
streptokinase 
therapy 
4 124 Difficult aspiration 


Lysis of 


gt Streptokinase neh Catheter 
Findings Therapy kieki Removed 
Fibrin sheath Yes Yes No 
Fibrin sheath Yes No’ Yes 
Fibrin sheath Yes Yes No 
Fibrin sheath Yes Yes No 
Fibrin sheath Yes Yes No 
Hole in catheter No NA Yes 
Fibrin sheath Yes Yes No 
Fibrin sheath Yes Yes No 
Catheter migration Yes Yes No 
Fibrin sheath 
Subclavian vein Yes Incomplete* No” 
thrombosis 
Fibrin sheath 
Subclavian vein No NA Yes 
thrombosis 
Fibrin sheath Yes Yes No 
Fibrin sheath Yes incomplete® No? 
Catheter migration Yes Yes No 
Fibrin sheath 
Fibrin sheath Yes Yes No 
Subclavian vein No NA Yes 
thrombosis 
Normal No NA No 
Fibrin sheath Yes Yes No 
Normal No NA No 
Fibrin sheath Yes Yes No 





Note.-——-Exciudes follow-up examinations done after streptokinase therapy. NA = not applicable. 


* Considered failure of streptokinase therapy. 
> Catheter left in place to allow infusion of high-dose chemotherapy. 


Eleven patients were found to have 12 episodes of venous 
thrombosis involving the cephalic, axillary, and/or subclavian 
veins or the superior vena cava. 


Discussion 


In patients who have indwelling, long-term central venous 
catheters, radiologic assessment often is required to evaluate 
catheter malfunction or possible upper extremity venous 
thrombosis. Of 77 studies performed for catheter malfunction, 
49 (64%) showed potentially correctable abnormalities, in- 
cluding fibrin sheaths and malpositioned catheter tips. Uncor- 
rectable abnormalities included extravasation of contrast ma- 
terial, migration of the catheter out of the vein, abutment of 
the catheter tip against the wall of the vein, constricting 
sutures, and complete occlusion of the catheter. Abutment of 
the catheter tip against the wall of the vein caused diminished 
or absent blood return but no difficulty in infusing fluids 
because obstruction of the catheter orifice occurred only 
during attempted aspiration. This was uncorrectable because 
the length of the intravascular portion of the catheter could 
not be changed after placement of the catheter. 

Several authors have reported that low-dose streptokinase 
therapy is safe and efficacious, and they did not perform 
catheter venography before implementing therapy [9-11]. 


However, Schneider et al. [12] have recommended that cath- 
eter venograms be obtained before streptokinase therapy is 
started. They reserve empiric therapy for only those patients 
suspected of having recurrent formation of a fibrin sheath. It 
is our opinion that the diversity of complications causing 
catheter malfunction shown in our series provides an argu- 
ment for pretherapy catheter venography. In only 57% of the 
cases was catheter malfunction due to a fibrin sheath. Al- 
though the risks associated with low-dose streptokinase ther- 
apy are minimal, allergic reactions, including anaphylaxis, are 
not dose-related. Systemic activation of fibrinolysis does oc- 
cur with “local” administration [13], with attendant risks of 
hemorrhagic complications, including spontaneous cerebral 
hemorrhage [13-16]. No bleeding complications occurred in 
our series. 

Our results indicate that streptokinase therapy is successful 
in restoring the patency of 87% of catheters obstructed by 
fibrin sheaths. This high salvage rate reduces the number of 
catheter reinsertions, especially important in this population 
of patients who have limited vascular access sites. Hurtubise 
et al. [9] reported only one failure in early fibrinolytic therapy 
of 352 occluded silastic central venous catheters. The dura- 
tion of catheter occlusion in our series was not always known, 
and, in some cases, failure of streptokinase therapy may have 
been due to organization of a fibrin sheath. Interestingly, three 
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of the four failures of streptokinase therapy occurred in pa- 
tients with recurrent formation of a fibrin sheath (Table 2). 

Thirteen patients with radiographic evidence of fibrin 
sheaths had follow-up catheter venography after streptoki- 
nase therapy. In the 11 who had return of normal catheter 
function, the findings of posttherapy catheter venography 
were alsornormal. Therefore, we do not advocate posttherapy 
catheter venography for first-time occlusions if normal cath- 
eter function has been reestablished. 

Of 117 Hickman melded double-lumen catheters inserted 
before August 15, 1983, tarombotic complications (formation 
of a fibrin sheath or vendus thrombosis) developed in 23 
(20%). Hawever, similar complications developed in only 22 
(7%) of 299 Cook extruded double-lumen catheters inserted 
after August #5, 1983. Although these complication rates are 
not expressec in terms of catheter-days, the rate of throm- 
botic complications appears to be reduced with the Cook 
extruded: double-lumen catheter. One possible explanation is 
the shape of ‘he catheter. A higher rate of thrombotic com- 
plications occurred with the catheters that had figure-of-eight 
cross sections (Fig. 1). Tre central groove may have caused 
locally reduced or turbulert blood flow or provided a niche for 
platelet aggregation of fibrin deposition. The Cook extruded 
catheter is smooth with no central groove (Fig. 1). 

When catheter tips were malpositioned, high-dose chemo- 
therapy was considered unsafe [17]. Repositioning by means 
of a percutaneous intravascular approach seems the only 
alternative to removal anc reinsertion of the catheter in these 
instances. In cur institution, repositioning has been a relatively 
simple and safe technique and has been well tolerated by 
patients. All malpositionee catheters in this study were noted 
at the time of insertion. However, spontaneous migration of 
the catheter tp has been reported [8, 17-19]. 

Constricting sutures were identified as the cause of cathe- 
ter malfunction in six patients. Why this malfunction was 
delayed, for as long as 4 months in one case, is uncertain. 
Progressive fibrosis arouad the venous site of insertion may 
have been the cause. This complication has been eliminated 
by using a direct punctere of a central vein to insert the 
catheter tip [4, 5]. 

Once catheters migrated out of the venous system, leaked, 
or became cempletely oecluded, they were removed. How- 
ever, when blood return was diminished because the catheter 
tip abutted the wall of the vein or because of a constricting 
suture, the catheter usually was left in place, allowing the 
administration of high-dese chemotherapy. Catheter venog- 
raphy was essential in these cases to decide if removal and 
reinsertion of the catheter were necessary. 
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Review 





A Diagnostic Approach to Chest Diseases. Differential Diagnoses Based on Roentgenographic Patterns, 3rd ed. 
By Glen A. Lillington. Baltimore: Williams & Wilkins, 530 pp., 1987. $86 


It is rather embarrassing to radiologists that Glen Lillington, a 
professor of medicine, should write such a good book about differ- 
ential diagnoses based on roentgenographic patterns. Radiologists 
sometimes forget that behind each chest radiograph lurks a real 
patient. As Dr. Lillington points out in the preface to the third edition, 
others before him have written about roentgenographic patterns: 
namely Meschan, Simon, Fraser, and Paré; Reeder and Felson; and 
Reed. However, as radiologists they typically have oriented their 
work toward the isolated chest radiograph, the diagnostic gamut, or 
a fairly exhaustive description of a disease entity. 

Simulating clinical practice, Lillington’s book presents the adult 
patient (pediatric diagnosis is not included) with his or her symptoms, 
physical signs, laboratory work, and radiographs. The chest radi- 
ograph provides the pivot around which is centered a differential 
diagnosis, allowing selection of specific tests that point to the most 
probable diagnosis. This book proposes that the pattern revealed by 
chest radiograph is the most efficient means to develop a differential 
diagnosis. 

The text is divided into four parts. The first is an outline of 
diagnostic techniques, including history, physical examination, radi- 
ographic method, laboratory tests, and pulmonary function tests. The 
second covers the major roentgenographic patterns. The third eval- 


uates the differential diagnosis of specific roentgenographic patterns; 
and the fourth, the differential diagnosis of other pulmonary diagnostic 
problems, such as hemoptysis, cough, and pulmonary abnormalities 
in the immunocompromised host. The first section is too detailed for 
the radiologist; the second, not detailed enough; and the fourth, of 
peripheral interest. The real meat of the book is the third section, 
which tells the physician what to do “after receiving the radiologist's 
report.” This is a detailed, sophisticated section, ideal for a resident 
in training as well as the practicing radiologist. An algorithmic sum- 
mary at the end of each chapter is helpful. The index is extensive, 
allowing for reference to disease entities in a problem-oriented book. 
The references are well organized and up-to-date. 

A picture is traditionally worth a thousand words, but here, in a 
book of few illustrations (all of which are excellent), Dr. Lillington 
makes a few words worth a thousand pictures. This is not a manual 
of chest radiology, nor is it a book that one reads cover to cover. 
This is a superb reference book, which | strongly recommend for the 
pulmonologist and practicing radiologist. 


Lee B. Milner 
Bluefield Community Hospital 
Biuefieid, WV 24701 
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Thrombosis of Upper 
Extremity Thoracic Inlet 
Veins: Diagnosis with Duplex 
Doppler Sonography 





Duplex Doppler sonography of the axillary, subclavian, internal jugular, and brachi- 
ocephalic veins was performed in 20 normal volunteers and in a series of 22 consecutive 
patients with suspected venous thrombosis. When normal, these vessels had hypoech- 
oic or anechoic lumina, sharply echogenic walls, and characteristic Doppler flow patterns 
that varied with changes in intrathoracic pressure. Most thrombosed vessels had poorly 
defined walls and echogenic lumina. All had absent flow on Doppler analysis. Duplex 
Doppler sonography was positive in all 10 patients subsequently shown to have venous 
thrombosis by venography or CT. One false-positive result occurred in a technically 
limited study. Sonography has the advantages of portability, ease of performance, and 
high patient acceptance. Duplex Doppler has advantages over either continuous-wave 
Doppler or imaging sonography alone. 

Our experience suggests that duplex Doppler sonography should be the initial diag- 
nostic study in evaluating suspected thrombosis of the upper extremity thoracic inlet 
veins. 


Thrombosis of the central veins is a frequent and important clinical proolem often 
requiring prompt diagnosis and treatment [1]. Patients with thrombosis of the upper 
extremity and/or thoracic inlet veins commonly present with swelling of the arms 
and face, prominent superficial veins over the neck and trunk, or malfunction of a 
central venous catheter [2]. Until now, upper extremity venography has been the 
diagnostic procedure of choice for detecting central venous thrombosis. While 
venography is highly accurate, it is an invasive procedure that usually must be 
performed in the radiology department. The examination may be uncomfortable for 
the patient, venous catheterization may be difficult because of severe arm swelling, 
and the contrast material itself may contribute to thrombus formation [3]. In the 
presence of more peripheral clot, the venogram frequently fails to document the 
status of the internal jugular and brachiocephalic veins. 

Duplex Doppler sonography is a noninvasive, mobile method for evaluating 
vascular anatomy and physiology that has a high degree of patient acceptance. 
We describe our initial experience with duplex Doppler sonography in both normal 
volunteers and a series of patients suspected of having thrombosis of tne axillary, 
subclavian, jugular, or brachiocephalic veins. 


Subjects and Methods 


Duplex Doppler sonography was performed in 20 normal volunteers 18-40 years old. 
Scans were obtained with the patient supine by using a triple scan head with a 7.5-MHz 
imaging transducer and a 5-MHz pulsed Doppler transducer with a 3 mm? sample volume 
(ATL Mark 450, Advanced Technology Laboratories, Bellevue, WA). Subjects were examined 
during quiet breathing. By using an infraclavicuiar approach, longitudinal and transverse views 
were obtained of the axillary vein and lateral aspect of the subclavian vein. A coronal view 
from the supraclavicular fossa was used to image the lower segment of the internal jugular 
vein and medial segment of the subclavian vein as they join to form the brachiocephalic vein 
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(Fig. 1). The internal jugular vein was also viewed in a coronal plane 
from a lateral neck approach. In this view, light transducer pressure 
on the neck was used to avoid collapsing the internal jugular vein. 
Visual examination and Doppler flow characteristics were used to 
differentiate vein from artery. Physiologic responses of the veins to 
sniffing and the Valsalva maneuver were recorded. 

Similar techniques were used to evaluate 22 patients clinically 
suspected of having thoracic inlet venous thrombosis. The patients 
were 12-76 years old, with 12 of the 22 patients under age 40. A 
typical bilateral examination could be completed in 20-30 min. All 
sonographic examinations were performed by one of us within 24 hr 
of the venogram or CT scan and without knowledge of the results of 
the venogram. 

Fourteen of the 22 patients had correlative upper extremity venog- 
raphy. Four patients had CT of the neck and thorax (GE 9800, 
General Electric, Waukesha, WI) with IV contrast material. Four 
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patients underwent sonography without correlative venography or 
CT, but two of these four had chest films. 


Results 
Normal Subjects 


In all 20 normal volunteers, the axillary and subclavian veins 
were shown on the infraclavicular view, and the junction of 
the internal jugular vein and subclavian vein to form the 
brachiocephalic vein was seen on the supraclavicular-fossa 
view (Fig. 1). A short segment of the subclavian vein could 
not be seen at the point where it crossed beneath the clavicle. 
The lateral portions of the brachiocephalic veins were imaged 
in all subjects, but only rarely could the medial portions be 
seen at their confluence to form the Superior vena cava 


Fig. 1.—A, Normal anatomy of thoracic inlet. 
Valves (val) are located in subclavian vein (scv) 
and internal jugular vein (ijv) near their conflu- 
ence. Internal jugular vein valve is routinely ob- 
served, while subclavian vein valve is frequently 
obscured by overlying clavicle. Transducer po- 
sition for the infra- and supraclavicular views is 
shown. axa = axillary artery; axv = axillary vein; 
sca = subclavian artery; bcv = brachiocephalic 
vein; ia = innominate artery. 

B, Longitudinal view of normal axillary /sub- 
Clavian vein (axv/scv) from infraclavicular ap- 
proach. Note sharp, well-defined vessel walls. 
Midportion of vein is compressed slightly by 
transducer. 

C, Supraciavicular view of right internal jugu- 
lar vein (ijv) and subclavian vein (scv) joining to 
form brachiocephalic vein (bev). Internal jugular 
vein valve (not shown) was seen to move freely 
on real time. ia = innominate artery. 


AJR:149, October 1987 


because of tne overlying sternum. In normal subjects the 
central veins had sharp, echogenic walls. The luminal diameter 
varied with the respiratory cycle, and the lumina were ane- 
choic or hypoechoic with respect to surrounding soft tissue. 
In most subjects, a valve is located in the subclavian vein, 
where it passes beneath the clavicle, and in the internal jugular 
vein at its junction with the subclavian vein [4]. The internal 
jugular vein valve was identified in all 20 normal subjects, 
while the subclavian vein valve was seen in only five subjects 
because-of shadowing frem the clavicle. 

The subclavian artery runs parallel to the vein in a more 
cephalac position (Fig. 1). Its walls showed characteristic 
pulsation, and Doppler analysis distinguished artery from vein 
with certainty in all cases (Fig. 2). The Doppler sonographic 
pattern ef arterial blood flow has been described [5]. In the 
subclavian artery we noted the typical triphasic pattern with 
rapid upslope during systole, a short period of flow reversal, 
and a secondary peak at aortic valve closure, with a some- 
what slower downslope in diastole. 

In normal subjects, the upper extremity central veins had a 
characteristic flow pattern that varied with respiration (Fig. 
2B). In quiet respiration there was flow toward the heart with 
inspiration as negative intrathoracic pressure increased. Dur- 
ing expiration, little or no flow was noted. The upslope of the 
Doppler signal at the beginning of inspiration was gradual, as 
was the-downslope at the end of inspiration. Occasionally, a 
biphasic pattern was noted, possibly related to the V wave, 
which occurs in early systole as the tricuspid valve closes 
(Fig. 3). This pattern can mimic an arterial signal. However, 
the venous upslope is not as steep in systole, and most 
importantly, the direction of flow is opposite that of the 
arteries. Sudden sniffing caused momentary collapse of the 
vein on real-time sonography, accompanied by a brief in- 
crease in venous flow toward the heart as shown by Doppler. 





A B 


Fig. 2.—A, Doppler patternin subclavian artery shows characteristic rapid upslope during systole. 
Reversal of flow in diastole (arrows) is typical for peripheral arteries. Vertical lines indicate 1 sec, while 
horizontai lines indicate frequency shift in 100 kHz. Transducer is angled toward heart. Waveform is 
seen above baseline (toward transducer), indicating arterial flow away from heart. 

B, Normal Doppler signal from patent subclavian vein shows cyclic variation in flow velocity with 
respiration. On inspiration (ims) flow increases, while expiration (exp) causes slowing of flow. 
Transducer is angled toward arm; therefore, flow is depicted above baseline. 
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A Valsalva maneuver caused the vein to distend while the 
flow diminished greatly or stopped altogether, depending on 
the degree of Valsalva. The pattern of flow and the amount 
of frequency shift varied among normal subjects. However, 
the basic pattern of increased flow with inspiration and sniff- 
ing, and little or no flow with Valsalva, was always noted. 


Patients 


Twenty-two patients with clinically suspected central ve- 
nous thrombosis were studied with duplex Doppler sonogra- 
phy, and the results are summarized in Table 1. Fourteen of 
these patients underwent correlative upper extremity venog- 
raphy, and thrombus was identified in eight. In all eight of 
these patients, clot was identified prospectively by sonogra- 
phy. The location of the clot and the degree of obstruction 
correlated with the venogram in each case. In addition, so- 
nography documented either involvement or patency of the 
brachiocephalic and internal jugular veins in each case, some- 
thing that venography often failed to do because of poor 
opacification beyond the point of obstruction (Fig. 4). Throm- 
bus echogenicity varied considerably among patients. In some 
cases, multiple bright echoes were noted, while in others 
uniform, low-level echoes were seen throughout the lumen 
(Fig. 5). 

Doppler analysis was useful in confirming the sonographic 
findings. In cases of total venous occlusion, Doppler sampling 
showed no flow. With partial occlusion over a long segment 
of vein, very slow flow was noted that failed to vary signifi- 
cantly with respirations. In the presence of more focal partial 
obstruction, such as thrombus from the subclavian vein bulg- 
ing into the brachiocephalic vein and narrowing the lumen, 
Doppler showed increased flow velocity at the stenosis and 





Fig. 3.—Doppler flow pattern in patent subcla- 
vian vein shows cyclic variation in flow velocity 
corresponding to cardiac cycle. Peak flow occurs 
in mid diastole (straight arrow), while slowing or 
reversal of flow is maximum at tricuspid valve 
closure (curved arrow). Peak flow velocities vary 
with respiratory cycle, being maximum on inspira- 
tion (ins) and minimum on expiration (exp). Trans- 
ducer is angled toward arm. 
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TABLE 1: Summary of Findings in Patients with Suspected Central Venous Thrombosis 








Correlative Study: Findings 





7 ~ Clinical Presentation Sonographic Findings 
1 Denver shunt functions Shunt seen; no clot 
poorly 
2 Arm swelling, pain Clot in AXV, SCV, 
IJV 
3 Central line malfunction Normal 
4 Arm pain, swelling Clot in AXV and SCV 
bulging into BCV 
5 Arm swelling; recent cen- Normal 
tral line 
6 Unable to place central Vein irregular but pa- 
line tent 
7 Central line Clot in AXV, SCV; 
partial obstruction; 
slow flow 
8 Unable to piace central Clot in SCV, BCV, 
line IJV 
9 Central line; arm swelling Clot in SCV, IJV; 
siow flow 
10 Central line; arm swelling Clot in SCV bulging 
into BCV 
11 Central line; left arm, face Clot in SCV, IJV, 
swelling BCV 
12 Arteriovenous fistula mal- No clot 
function 
13 Bilateral arm swelling Right side normal; left 
side clot in AXV, 
SCV, IJV 
14 Central line; prominent No clot 
veins on chest 
15 Malignant thymoma No clot; poor flow; 
collaterals seen 
16 SVC syndrome Clot in right IJV; slow 
flow 
17 Possible SVC syndrome; No clot in SVC, BCV, 
breast carcinoma SCV 
18 Denver shunt; arm swell- Clot in junction of left 
ing IJV with SCV; right 
IJV lumen not seen 
19 Ventriculoperitoneai shunt Shunt enters IJV; no 
malfunction clot 
20 Dialysis catheter malfunc- No clot 
tion 
21 Dialysis catheter malfunc- No clot 
tion 
22 Bilateral arm swelling; No clot 


sepsis 


Venogram: no clot 

Venogram: dot in AXV, 
SCV; IJV not seen 

Venogram: thin fibrin sheath 
on catheter 

Venogram: clot in AXV, 
SCV; collaterals fill BCV 

Venogram: mild stenosis of 
SCV at central line site; 
no clot 

Venogram: vein irregular 
but patent 

Venogram: clot in AXV, 
SCV; partial obstruction 


Venogram: clot in SCV; 
central extent not seen 
Venogram: clot in SCV, IJV; 

BCV not seen 
Venogram: clot in SCV, 
AXV; BCV, IJV not seen 
Venogram: clot in SCV, IJV; 
BCV not seen 
Venogram: no central clot; 
fistula stenosis 
Venogram: right side nor- 
mal; left side clot in SCV, 
IJV; BCV not seen 
Venogram: no clot 


CT: extrinsic compression 
of BCVs, collaterals 

CT: clot in right IJV; extrin- 
sic compression in SVC 

CT: no occlusion 


CT: clot in left IJV; right IJV 
patent 


Chest film: shunt looped 
into IJV, SVC with tip of 
loop in pulmonary artery 

Chest film: catheter malpo- 
sitioned 

None 


None (no venous access) 





Note.—AXV = axillary vein; SCV = subclavian vein; IJV = internal jugular vein; BCV = brachiocephalic vein; SVC 


= Superior vena Cava. 


turbulence beyond. 

In our series, no false-positive sonograms were noted in 
the six patients with negative venography. In one patient 
sonography failed to detect a thin fibrin sheath coating a 
central venous catheter that was seen on venography. 

In four of the patients without correlative venography, 
contrast-enhanced CT scans of the neck and thorax were 
obtained. CT criteria for central venous obstruction included 
collateral vessels and/or a central filling defect in the internal 
jugular vein lumen. No attempt was made to identify axillary 
or subclavian vein thrombosis on CT because these veins run 
parallel to the scanning plane. In two cases CT identified ciot 


in the internal jugular vein and the clot was prospectively 
detected on sonography (Fig. 6). In another case (case 18), 
the lumen of the upper internal jugular vein on one side was 
not identified by sonography. The patient had a tracheostomy 
tube and was too ill for Valsalva, making complete evaluation 
difficult. Although no clot was seen, it could not be ruled out 
on the basis of the sonogram. CT showed a uniform, contrast- 
enhanced internal jugular vein lumen with no evidence of clot 
at the site in question, and, therefore, we consider the Doppler 
result to be false positive. Among the four patients with CT 
correlation, two had extrinsic compression of the superior 
vena cava and/or substernal brachiocephalic veins. Sonog- 


Fig. 4.—A, Upper extremity venogram shows 
thrombosis of axillary and subclavian veins. Note 
failure to opacify brachiocephalic and internal jug- 
ular veins because of more distal obstruction. In- 
volvement of these veins with clet cannot be eval- 
uated. Central venous catheter (arrowheads). 

B, Sonogram from supraclavicular approach. 
Central extent of ciot is seen buiging into innomi- 
nate (INNOM) vein but not oceluding it (arrow- 
heads). Catheter can be seen as double echo in 
subclavian (SUBCLAV) vein (arrows). Reverbera- 
tion artifact causes double echo. Doppler evalua- 
tion of dista! internal jugular veimdocumented pat- 
ency. Position of Doppler sampling is indicated on 
cursor (asterisk). 


Fig. 5.—A, Upper extremity venogram shows 
axillary vein thrombosis. Central extent of clot 
could not be evaimated because of nonopacifica- 
tion. 

B, Left supraclevicular view shows involvement 
of subclavian (scv) and brachiocephalic (bcv) 
veins (straight arrows). Note uniform, low-level 
echoes throughout lumen, making diagnosis of 
thrombus more difficult. Doppler signal from this 
area showed absence of flow, confirming pres- 
ence of thrembus. Internal jugular vein (ijv) with its 
valve (curved arrow) was patent. Crosshatch on 
cursor isatvein lumen. 


Fig. 6.—A, Cortrast-enhanced CT scan through 
lower neck shows filling defect with surrounding 
enhancement in internal jugular vein (arrow). 

B, Cerresponcing sonogram of same region 
shows retracted clot in lumen of internal jugular 
vein as echogenic filling defect (arrows). Slow flow 
around margin of clot was detected on Doppler. 


N 


A 


raphy of the veins more peripheral to the point of obstruction 
showed no thrombus, but Doppler demonstrated slow flow 
toward the heart that did not change with sniffing or Valsalva 
maneuver. Vessel size as seen on real-time imaging also 
failed to chamge with these maneuvers. Thus, although the 
compressed veins could not be imaged directly, duplex Dop- 
pler examination of more#peripheral veins strongly suggested 
the presence of central obstruction. 

Four patients had neither venography nor CT. In two pa- 
tients, venous thrombosis was suspected because of poorly 
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functioning central venous catheters, but chest films showed 
that the catheters were malpositioned. Repositioning of the 
catheters improved function and no venogram was needed. 
Two other patients had no correlative studies. One had poor 
venous access; the other had a malfunctioning dialysis cath- 
eter with no evidence of central venous thrombosis on phys- 
ical examination, and the catheter was removed. 

In summary, in studies of 18 patients with CT or veno- 
graphic correlation, only one duplex Doppler study was false 
positive and none was false negative. 


Discussion 


The most common cause of thrombosis of the thoracic inlet 
veins is central venous catheterization [1]. Other less common 
causes include thoracic inlet syndrome (stenosis of the sub- 
clavian veins from first rib compression or muscular hypertro- 
phy), hypercoagulabie states, local trauma, or decreased flow 
from more central obstruction (as in superior vena cava 
syndrome). Patients commonly present with arm and face 
swelling, pain, or prominent superficial veins. If a central line 
is present, malfunction of the catheter can be the initial sign 
of thrombosis. 

Venography has long been the diagnostic gold standard for 
both the presence and extent of thrombosis [6]. It provides 
excellent spatial and contrast resolution, documents the pres- 
ence of collaterals, and determines whether the obstruction 
is total or partial. On the other hand, venography usually fails 
to show the internal jugular vein, and in cases of complete or 
high-grade axillary or subclavian vein thrombosis the brachi- 
ocephalic vein does not opacify sufficiently to document its 
patency. Venous catheters must be placed in arms that are 
often tender and edematous. Contrast material entails a small, 
but real, risk of toxicity and thrombogenesis. 

To our knowledge, this is the first report of both real-time 
sonography and pulsed Doppler sonography being used in 
the evaluation of patients with suspected central venous 
thrombosis. Sottiurai et al. [7] reported an accuracy of 91% 
when they used continuous-wave Doppler sonography and 
plethysmography to detect upper extremity deep venous 
thrombosis. They pointed out that their method does not 
distinguish between extrinsic compression and thrombosis, 
which is important in determining therapy. This is a problem 
when Doppler alone is used without direct imaging. In addi- 
tion, long-standing occlusion with collateralization may give 
normal Doppler flow patterns in the extremities, leading to a 
false-negative result. 

Real-time sonography has been used to image thrombus 
in the internal jugular vein [8], inferior vena cava [9], and 
ileofemoral veins [10]. The sonographic characteristics of the 
subclavian vein were described recently in normal subjects 
[11] and in patients with superior vena cava syndrome [12]. 
Our results also indicate that normal, patent subclavian veins 
can be imaged easily and respond in characteristic fashion to 
sniffing and Valsalva maneuvers. Furthermore, we found it 
easy to image the junction of the subclavian and internal 
jugular veins to form the brachiocephalic vein in both normal 
and abnormal patients. In our experience, the most obvious 
pitfall of direct imaging alone is mistaking the subclavian artery 
for the vein. This is most likely to occur in the presence of 
axillary or subclavian vein thrombosis, when the thrombosed 
vein can be mistaken for surrounding soft tissue. However, 
Doppler analysis identifies the artery with certainty, prompting 
a search for the vein in a more caudal position. 

We have noted several limitations of duplex Doppler so- 
nography. First, it is not adequate to exclude the diagnosis 
of fibrin sheath as a cause for central-line malfunction. In our 
single case of fibrin sheath, the sonographic appearance of 
the catheter was normal. Second, the more central brachi- 
ocephalic veins and superior vena cava usually cannot be 
imaged directly once they pass beneath the sternum. There- 
fore, obstruction caused by either extrinsic compression or 
intrinsic clot will give the same Doppler sonographic pattern 


more peripherally. in these cases, direct visualization with 
either CT or venography would be needed to make the 
diagnosis. 

The major advantage of duplex Doppler sonography over 
venography is its noninvasive and mobile nature. Examina- 
tions can be performed at bedside in critically ill patients, no 
venous access is required, and it can be used regardless of 
renal function. There is a high degree of patient acceptance, 
and serial examinations are easy to perform. Another advan- 
tage is the ability of sonography to show patency or involve- 
ment of the internal jugular and proximal brachiocephalic veins 
in virtually every case, something that venography often can- 
not do. This information may be useful to clinicians in the 
placement of central venous catheters. 

In our series of patients suspected of having thrombosis of 
the thoracic inlet veins, the combined use of real-time sonog- 
raphy and pulsed Doppler analysis (duplex Doppler sonogra- 
phy) had distinct advantages over either method used alone. 
Doppler alone distinguished normal from abnormal flow, but 
it failed to show the cause of abnormal flow (clot vs compres- 
sion). Real-time imaging alone allowed direct visualization of 
arteries and veins, but failed at times to distinguish one from 
the other. Duplex Doppler sonography permitted simulta- 
neous imaging and Doppler so that appearance and flow 
characteristics could be used together to make the diagnosis 
of thoracic inlet vein thrombosis. Our results with duplex 
Doppler sonography correlated excellently with upper extrem- 
ity venography and CT in detecting the presence and extent 
of thrombosis. Duplex Doppler also was reliable in docu- 
menting the patency of the vessels; the only false-positive 
result occurred in a medically unstable patient in whom a 
limited evaluation was performed. 

On the basis of our experience, we believe that duplex 
Doppler sonography should replace upper extremity venog- 
raphy as the procedure of first choice in evaluating patients 
for thrombosis of the thoracic inlet veins. 
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CT Evaluation of Mediastinal 
Lymph Nodes in Lung 
Cancer: influence of the Lobar Site 


of the Primary Neoplasm 





Previous reports have shown differences in the ability of CT to detect mediastinal 
lymph nodes, depending on the precise mediastinal location of the nodes. Poorest 
correlation between findings on CT and findings at autopsy has been described for left- 
sided lymph nodes, particularly those in the left peribronchial region (American Thoracic 
Society node station 10L), suggesting that cancers of the left lung might be less well 
staged by CT than cancers of the right lung. The relationship between the accuracy of 
mediastinal lymph node staging and the location of the primary lung cancer was 
examined in a retrospective study. in 103 patients with non-small-cell bronchogenic 
carcinoma who had preoperative CT evaluation of the mediastinum, the accuracy of 
preoperative staging was 81% for tumors of the right lung (70 patients) and 97% for 
tumors of the left lung (33 patients). 

The conclusion is that cancers of the left lung are staged at least as accurately as 
cancers of the right lung, despite the fact that left-sided mediastinal nodes are depicted 
more poorly on CT. Subcarinal and crossover (contralateral) nodal metastases and a 
low prevalence of metastasis involving only region 10L were the most important factors 
minimizing staging differences based on the site of the primary tumor. 


Accurate mediastinal evaluation in patients with lung cancer is crucial for devel- 
oping an appropriate treatment plan. CT often is used for preoperative staging of 
the mediastinum. Previous investigators have reported a 67-95% accuracy for CT 
in the evaluation of mediastinal nodal metastases from non-small-cell lung cancer 
[1-15]. The ability of CT to detect normal mediastinal lymph nodes has been shown 
to vary with the precise mediastinal location of the nodes. Two recent studies have 
reported poor correlation between findings on CT and at autopsy for left-sided 
lymph nodes, particularly those in the left peribronchial: region [16, 17]. Another 
recent report found that nodes in the region of the aorticopulmonary window were 
the mediastinal node group least accurately depicted by CT [18]. These reports 
suggest that cancers in the left lung are less well staged by CT than tumors in the 
right lung. A comparison of the accuracy of mediastinal staging for cancers in the 
left and right lungs forms the basis of this report. 


Materials and Methods 


A computerized search of records from the thoracic surgery section at the University of 
Michigan Medical Center yielded records of 103 patients with non-small-cell lung cancer who 
had undergone chest and upper abdomina! CT before surgical staging. The time span was 
from middie 1982 to early 1986. CT scans were performed on General Electric 8800 or 9800 
CT/T scanners with scan times of 2.0-5.6 sec. Contiguous 1.0-cm thick sections were 
obtained from the lung apices caudally to the level of the inferior aspect of the liver or adrenal 
glands. In most instances an IV injection of 75-100 ml of meglumine iothalamate 60% (Conray 
60) was given at the level of the right upper lobe bronchus and followed by dynamic 
incremental scanning caudally through the pulmonary hila as previously described [19]. 
Mediastinal lymph nodes were localized according to the lymph node mapping scheme of the 
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American Thoracic Society (ATS) [20]. Mediastinal lymph nodes were 
considered abnormal if they exceeded 1 cm in short-axis diameter on 
the transverse CT images [21]. Short-axis diameter corresponds to 
the minimum nodal dimension on the transverse CT image [16]. When 
more than one mediastinal node was abnormal, the dimensions and 
location of the largest abnormal node were reported. 

If no mediastinal or distant metastases were seen on CT scans, 
patients underwent thoracotomy with mediastinal lymph node dissec- 
tion, including incision of the mediastinal pleura and excision of all 
identifiable subcarinal, paratracheal, superior mediastinal, and inferior 
pulmonary ligament lymph nodes. Size and location of the nodes 
were recorded, and each node was submitted individually for patho- 
logic examination. The greatest dimension of the resected node was 
designated as the “large” axis, and the node was bisected in a plane 
perpendicular to this axis. The maximum and minimum diameters of 
the cut surface were measured and designated as the “smal” and 
“smallest” axis, respectively [16]. 

Patients whose CT scans showed enlarged mediastinal lymph 
nodes or apparent distant metastases had preoperative sampling of 
suspected metastases via mediastinoscopy, mediastinotomy, or per- 
cutaneous fine-needle aspiration. Patients undergoing mediastinos- 
copy had routine sampling of high and low right paratracheal nodes, 
subcarinal nodes, and left paratracheal nodes, if present. Each en- 
larged node identified by CT was located specifically and biopsied. 
Positive results on biopsies of high paratracheal, subcarinal, or con- 
tralateral lymph nodes precluded thoracotomy in several patients. If 
the results of mediastinoscopic biopsies were negative, the patient 
underwent thoracotomy and dissection of the mediastinal lymph 
nodes. Surgical mediastinal staging in our series was performed at 
thoracotomy alone in 64 patients, by both mediastinoscopy and 
thoracotomy in 28, and by mediastinoscopy alone in 11. Some 
patients with positive findings on mediastinoscopies underwent tho- 
racotomy for attempted curative resection. 

CT and surgical-pathologic data were analyzed to determine the 
sensitivity, specificity, and accuracy of CT staging, and the data were 
correlated with the location of the primary lung cancers. Statistical 
significance of differences in accuracy was tested by using the one- 
tailed Fisher exact test. 


Results 


The sensitivity, specificity, and accuracy of CT in evaluation 
of mediastinal nodes are correlated with location of the pri- 
mary lung cancer in Table 1. Overall, 70 cancers were in the 
right lung, and 33 were in the left. Of the 70 in the right lung, 
38 (54%) were adenocarcinomas, 25 (36%) were squamous 
cell carcinomas, and seven (10%) were other histologic types. 
Of the 33 in the left lung, 13 (39%) were adenocarcinomas, 
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17 (52%) were squamous cell carcinomas, and three (9%) 
were other histologic types. Prevalence of mediastinal lymph- 
node metastasis was 35% (18/51) for adenocarcinoma and 
36% (15/42) for squamous cell carcinoma. CT accuracy for 
evaluation of mediastinal nodes was 88% (45/51) for adeno- 
carcinomas and 86% (36/42) for squamous cell cancers. 

CT evaluation of the mediastinum was least accurate for 
tumors in the right upper and lower lobes (82% and 79%, 
respectively). Higher accuracies were found for cancers of 
the left upper and lower lobes (96% and 100%, respectively). 
CT achieved overall accuracies in mediastinal staging of 81% 
for cancers of the right lung and 97% for cancers of the left 
lung. The statistical trend was toward more accurate medias- 
tinal assessment with cancers of the left lung, but statistical 
significance was not achieved (p > .10). When all neoplasms 
in Our series are considered, prevalence of mediastinal nodal 
metastasis was 34% (35-103). The overall sensitivity, speci- 
ficity, and accuracy of CT in detecting mediastinal metastasis 
was 86%, 87%, and 86%, respectively. 

All five patients who had false-negative findings on medias- 
tinal evaluation by CT had cancers of the right lung. Two had 
tumors of the right lower lobe with metastasis to subcarinal 
lymph nodes. Three had tumors of the right upper lobe with 
metastasis to nodes in the right tracheobronchial region (10R) 
(two patients) and the right lower paratracheai region (4R) 
(one patient). Histologic examination of these tumors showed 
three adenocarcinomas, one squamous cell carcinoma, and 
one large-cell carcinoma. Three of the five patients had tumor 
in nodes of normal size (<1 cm in short axis on CT and also 
<1 cm in smallest axis at pathologic inspection). In the re- 
maining two patients, enlarged nodes were present at path- 
ologic inspection but were not depicted as enlarged on CT. 
Both of these nodes were in the subcarinal region. 

Data on specific size and location of the largest metastatic 
node were available for 32 of the 35 patients who had 
mediastinal metastasis. A summary of this material is pre- 
sented in Table 2. ATS nodal station 10L contained the largest 
malignant mediastinal lymph node in only one of the 33 
cancers of the left lung. 


Discussion 


CT commonly is used in the preoperative staging of non- 
smail-cell carcinoma of the lung. Accurate mediastinal as- 


TABLE 1: CT Evaluation of Mediastinal Lymph Node Metastases Based on Location of Lung 


Cancer 


nC To a eer ce ee ae at 


Location of Lung Number of Prevaience of si oe 

Cancer Patients Nodal Metastasis SO"silNIY Specificity Accuracy 
Right upper lobe 38 14/38 (37) 11/14 (79) 20/24 (83) 31/38 (82) 
Right middle lobe 4 1/4 (25) 1/1 (100) 3/3 (100) 4/4 {100) 
suom ass ie OM). INN Bay 13/17 O 22/28 (9). 
Left upper lobe 23 7/23 (30) 7/7 (100) 15/16 (94) 22/23 (96) 

sn eR OwƏr bbe a TO IED). ie (09) BIB (100) 10/10109). 
Right lung (total) 70 26/70 (37) 21/26 (81) 36/44 (82) 57/70 (81) 
Left lung (total) 33 9/33 (27) 9/9 (100) 23/24 (96) 32/33 (97) 


SALLE LEO TCE LE TN I EMELINE DOORS ESTEE a IRR I AAS BE 


Note.—Numbers in parentheses are percentages. 
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TABLE 2: Site and Size of Largest Malignant Mediastinal Lymph Node in 32 Patients with Lung 








Cancer 
Mean Smallest 
Affected No. of , Axis Diameter Range 
Lung Patients Modar SEUES of Resected (cm) 
ee ne ee a Om ee ee eee ere pode (cm 
Right 2 Right upper paratracheal (2R) 15 1-2 
7 Right lower paratracheal (4R) 1.6 0.5-2.5 
9 Subcarinal (7) 1.3 1-2 
6 Right tracheobronchial (10R) 1.2 1-2 
Left 3 Aortopulmonary (5) 2.0 {all 2.0) 
2 Subcarinal (7) 1.3 1.2-1.4 
2 Right lower paratracheal {4R} 1.4 1.3-1.5 
1 Left peribronchial (10L) 1.0 — 





Note.—See “Materials and Methods" for definition of smallest axis of resected specimen. ATS = American Thoracic 
Society. Numbers and letters in parentheses are designations of sites according to the ATS mapping scheme. 


sessment is important for determining the stage of disease 
and for implementing appropriate treatment. Numerous pre- 
vious reports have sought to establish the role of CT in 
mediastinal evaluation (1-15, 22]. Little information is avail- 
able on the influence of the location of the primary lung cancer 
on the accuracy of CT mediastinal evaluation. 

Drainage patterns of mediastinal lymph nodes differ for lung 
cancers in diferent locations [23, 24]. Cancers in the right 
lung tend to metastasize ipsilaterally to right tracheobronchial 
and subcarina’ nodes at first and subsequently to right para- 
tracheal nodes. In one study only 4% of cancers in the right 
lung metastasized contralaterally to left-sided mediastinal 
nodes [24]. Cancers of the left lung are associated with right- 
sided nodal metastases in up to 50% of patients [24]. Cancers 
of the left upper lobe commonly metastasize to nodes in the 
region of the aorticopulmonary window (ATS region 5) and, 
unlike cancers of the right upper lobe, also can spread to 
subcarinal nodes [23, 24]. Metastases from cancers of the 
left lower lobe tend to cross over to right-sided mediastinal 
nodes, cemmonly involving subcarinal nodes. Cancers of the 
left upper lobe tend more commonly to metastasize ipsilat- 
erally to nodes in the left mediastinum [24]. 

It has been suggested that the biological behavior of lung 
cancer depends partly on its location. Jolly et al. [25] noted 
that cancers cf the right lung were associated with mediastinal 
metastases in 39% of cases, whereas only 19% of cancers 
of the left lung had mediastinal metastases. In our study the 
difference was less apparent; mediastinal metastases were 
found in 37% of cancers of the right lung and in 27% of 
cancers of the left lung. 

Ferguson et al. [18] recently reported differences in accu- 
racy of CT staging for each nodal region in the mediastinum. 
CT was ‘east.accurate in evaluation of nodes in the region of 
the aorticopuimonary window. In view of the nodal drainage 
patterns previously discussed, this would suggest that tumors 
in the left lung (particularly those in the left upper lobe) might 
be poorly staged by CT. Genereux and Howie [17] also found 
that CT was inaccurate for assessment of normal lymph 
nodes inthe region of the aorticopulmonary window (including 
ATS regions 5 and 4L) as well as in the subcarinal region 
(including ATS regions 7 and 10L). Quint et al. [16] recently 
have shewn differences in the ability of CT to detect normal 
mediastinal lymph nodes as a function of the nodes’ precise 


mediastinal location. Poorest correlation between CT findings 
and those at autopsy was noted for left-sided mediastinal 
lymph nodes, particularly in region 10L. These data all sug- 
gested that cancers of the left lung will be less accurately 
staged by CT than those of the right lung. 

However, our data revealed no statistically significant dif- 
ference in accuracy of staging between cancers of the right 
and left lung. Contrary to our expectations, the trend was 
toward more accurate mediastinal assessment in tumors of 
the left lung. The prevalence of mediastinal metastasis (34%) 
we report is in accord with data from larger surgical series 
[26], suggesting that bias in the selection of patients was not 
a major factor influencing our results. Our study was not 
prospective, but rather data were retrieved retrospectively 
from the records of the section of thoracic surgery. This may 
have resulted in an unintentional bias; however, we did not 
exciude any patient identified by the thoracic surgery records 
from analysis. We do not believe that the different distribution 
of histologic types of lung cancer in the right and ‘eft lungs 
was responsibie for our results, as adenocarcinoma and 
squamous cell carcinoma were associated with similar prev- 
alences of nodal metastases (35% and 36%, respectively) 
and were staged equally well (88% and 86%, respectively) by 
CT. 

On the basis of this study, we can offer several explanations 
for the comparable accuracy of CT in staging cancers of the 
right and left lung. Four of eight of the cancers in the left lung 
that had mediastinal metastases in this series had the largest 
involved node in the right mediastinum or subcarinal region 
(Table 2). Subcarinal or crossover (contralateral) nodal metas- 
tasis certainly minimizes staging differences that are based 
on the site of the primary tumor. Nodal station 10L (which 
seems to be poorly evaluated by CT, on the basis of corre- 
lations between CT and autopsy findings) was an infrequent 
site of solitary nodal metastasis (one case). It appears that a 
low prevalence of metastasis involving only region 10L may 
counterbalance the inaccuracy of CT evaluation for this re- 
gion. As shown in Table 2, the size of nodal metastasis varied 
with the specific nodal site. In our surgical-pathologic data, 
nodes in the region of the aorticopulmonary window that 
harbored metastasis were larger than other nodes that con- 
tained tumor, mitigating the importance of the technical diffi- 
culties encountered in CT evaluation of this region. 
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In conclusion, despite previous evidence that left-sided 


mediastinal nodes are less well evaluated by CT than right- 
sided nodes, we found no statistically significant difference in 
the accuracy of mediastinal staging for cancers of the right 
vs left lung. As in our previous studies, CT had high sensitivity 
(86%) and overall accuracy (86%) in assessment of metas- 
tasis to the mediastinal lymph nodes, confirming our opinion 
that CT is important in the preoperative staging of non-small- 
cell lung cancer. 
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CT of Interpectoral Lymph 
Nodes 





The presence of lymph nodes between the pectoralis major and minor muscles 
(Rotter’s nodes) has been noted in the anatomic and surgical literature. We analyzed 
the appearance of the interpectoral space and nodes on chest CT scans of 25 patients 
without known chest wall abnormalities or causes for lymphadenopathy. In some of 
these cases small structures were detected in the interpectoral fat that could be either 
vessels or nodes. In addition we studied chest CT scans in six patients with interpectoral 
adenopathy due to metastases from breast cancer. The nodes were oval soft-tissue 
densities ranging from 1.5 x 1 cm to 3.5 x 3 cm in diameter. 


The presence of lymph nodes between the pectoralis major and minor muscles 
(Rotter’s nodes) has been noted in the anatomic and surgical literature [1, 2]. To 
the best of our knowledge, their detection on CT has not been reported previously. 


Materials and Methods 


To establish the normal appearance of the interpectoral area and lymph nodes on CT, the 
chest CT scans of 25 patients in whom there was no known reason for axillary or chest wail 
adenopathy were reviewed. The CT scans of six patients with interpectoral adenopathy, 
found by reviewing chest CT scans in 60 patients with breast carcinoma, were also evaluated. 
All studies used contiguous 10-mm or 8-mm imaging on either a GE 9800 or Siemens DR-3 
scanner. 


Results 


Of 25 patients who had no predisposing factor for interpectoral adenopathy, tiny 
structures (5 mm or smaller) in the interpectoral fat representing either vessels or 
normal lymph nodes were seen bilaterally in 13 cases and unilaterally in four cases 
(Fig. 1). In eight patients only fat was identified in this area. 

Of the six breast cancer patients with interpectoral adenopathy, one had biopsy- 
proved metastasis to the interpectoral lymph node. The other five had biopsy- 
proved metastases in other lymph nodes. The size and character of the interpectoral 
nodes were evaluated by reviewing both early and follow-up chest CT scans. In all 
five cases, either the enlarged nodes developed after a scan with a normal- 
appearing interpectoral space or the nodes showed an obvious change in size on 
follow-up scans. Examples of interpectoral adenopathy are shown in Figures 2 
and 3. 

The size of the abnormal nodes ranged from 1.5 x 1 cm to 3.5 x 3 cm. In four 
patients the enlarged interpectoral nodes had distinct margins and were oval or 
spherical. in two patients the nodes were lobular and a small part of the’ border 
was difficult to distinguish from the pectoralis minor muscle. 

in five patients the nodes were homogeneous and had a soft-tissue density 
similar to that of muscle. in one patient the enlarged node had low attenuation with 
a thin, smooth rim of slightly higher density. 
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Fig. 1.—Normal interpectoral tissues. Small struc- 
tures that may be either lymph nodes or vessels are 
present in fat between muscles (arrowheads). 





Discussion 


The pectoralis major muscle lies anterior to the pectoralis 
minor muscle. Fat, branches of the thoracoacromial artery 
and vein, and interpectoral lymph nodes lie between the two 
muscles [3]. In 1896, Grossman [4] identified interpectoral 
lymph nodes in four of 25 cadavers by using mercury injec- 
tions to trace the lymphatics. However, the nodes were 
named after Rotter who found interpectoral nodes in half of 
his surgical specimens from patients with breast carcinoma 
[1]. By using a clearing technique to find as many lymph 
nodes as possible, Pickren detected interpectoral lymph 
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nodes in 97 (53%) of 182 radical mastectomy specimens [2]. 

Interpectoral adenopathy may have significant implications 
for the diagnosis and treatment of metastatic breast cancer. 
For example, in a simple mastectomy and in most types of 
modified radical mastectomy, the interpectoral nodes are left 
in place [5-7]. In breast cancer patients after a modified 
radical mastectomy with axillary lymphadenectomy, the inter- 
pectoral nodes are the only remaining regional lymph nodes 
to observe. Also, a patient with a history of malignancy of the 
upper extremity (i.e., malignant melanoma) might be observed 
for interpectoral adenopathy after axillary lymphadenectomy. 
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Ventricular Septal Defect: 
Visualization of Shunt Flow and 
Determination of Shunt Size by Cine 
MR Imaging 





Cine MR imaging is a new, fast technique that employs low flip angles, short repetition 
and echo times, and gradient-refocused echoes. This technique was used in three 
patients with documented ventricular septal defects (VSDs) to obtain transverse and 
oblique sections of the heart spanning the cardiac cycle. In all patients, cine MR imaging 
showed high-velocity turbulent blood flow across the defect as areas of low signal 
intensity extending from the left ventricle to the right ventricle. In the oblique sections 
oriented parallel to the interventricular septum it was possible to identify the cross- 
sectional area of the VSD. Quantification of the left-to-right shunt was performed by 
comparing left and right ventricular stroke volumes determined from end-diastolic and 
end-systolic volumes of both ventricles. 

Cine MR imaging provides important functional information and anatomic detail in 
patients with VSD and may be useful for diagnosis, determination of severity, and 
noninvasive monitoring of the disease. 


Cine MR imaging is a new technique that extends the diagnostic capabilities of 
conventional gated spin-echo MR imaging to the recognition of abnormal flow 
patterns and the assessment of cardiac function [1]. Cine MR uses a pulse 
sequence with low flip angles, a short repetition time (TR) of 21 msec, a short echo 
time (TE) of 12 msec, and gradient-refocused echoes [2]. With this technique, 
blood flowing at normal velocity in the cardiac chambers produces relatively uniform 
and high signal intensity, while jets of turbulent blood flow cause signal void. 

Gated spin-echo MR imaging has been used to identify and localize ventricular 
septal defects (VSDs) [3]. This report describes the initial application of cine MR 
imaging for the detection of the shunt flow itself in three patients with VSDs. 


Subjects and Methods 


Three patients with VSDs previously detected by two-dimensional and Doppler echocar- 
diography were selected for study specifically to determine the appearance of the shunt flow 
(jet). 

imaging was done by using a 1.5-T cryogenic system (Signa, General Electric, Milwaukee, 
WI). Images were obtained by using a flip angle of 30°, TE of 12 msec, and TR cf 21 msec. 
The read gradient was inverted prior to data acquisition, leading to a so-called gradient echo. 
The ECG signal was recorded simultaneously and stored in a microcomputer that controlled 
advancement of the phase-encoding gradient with each R wave. The number of tme frames 
per R-R interval corresponded to the number of pulses delivered in this interval and depended 
on the subject's heart rate. Since two levels (section thickness = 10 mm) were imaged at the 
same time, the RF pulses were alternated between sections and the number of time frames 
acquired per level was 60 x 1000)/(heart rate x 21 x 2), with a time resolution cf 42 msec. 
lf only one level was imaged, the time resolution would be 21 msec. The two levels were 
imaged with a 10-mm intersection gap to avoid level interaction. Two excitations were 
averaged to improve the signal-to-noise ratio, and thus images were acquired over 256 R-R 
intervals. The acquisition matrix was 128 x 256 interpolated to 256 x 256 for display, with a 
pixel size of 1.25 x 1.25 mm. 
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To limit total imaging time, multiple levels were imaged simulta- 
neously. In this study, the RF pulses were alternated among three 
levels, resulting in a time resolution of 63 msec. The number of time 
frames acquired was inversely proportional to the subject's heart rate 
and the number of levels scanned Simultaneously. The acquisition 
matrix was 128 x 256, interpolated to 256 x 256 for display, with a 
pixel size of 1.25 x 1.25 mm. Two acquisitions were averaged to 
improve the signal-to-noise ratio, and thus images were acquired 
over 256 R-R intervals. 

Because of the normal variation in heart rate, a Slightly different 
number of excitation pulses would fall into each R-R interval. Since 
an equal number of time frames per R-R interval is required for image 
reconstruction by means of two-dimensional Fourier transformation, 
linear interpolation between neighboring time frames was used to 
provide a constant number of time frames for each R-R interval. 
Computer reconstruction time was approximately 5 min for each cine 
imaging series. 

An initial multislice electrocardiographically gated sequence in the 
coronal plane was used to localize the inferior and superior borders 
of the heart. This sequence required approximately 2 min. The first 
transverse cine series was then initiated beginning at the inferior 
border of the heart. Slice thickness was 10 mm. Imaging was contin- 
ued until the bifurcation.of the main pulmonary artery and the roof of 
the left atrium were visualized. Twelve levels (four cine series with 
three levels) encompassed the heart. In addition to the transverse 
sections, sagittal sections 5 mm in thickness through the interventric- 
ular septum were obtained in two patients by elevation of the left 
shoulder so that the septum would be parallel to the sagittal plane. 


Image Analysis 


The frames showing the maximum and minimum left ventricular 
cross-sectional areas at the midventricular level were then determined 
visually. For each anatomic level, the endocardium was outlined with 
a track ball-cursor on these two frames and on those immediately 
before and after. Thus, cross-sectional areas were measured on a 
total of six images at each anatomic level. Because of the contrast 
provided by the flowing blood, the endocardial borders could be 
readily identified. The insertion points of the atrioventricular valves 
were clearly visible, facilitating distinction of the ventricles and atria. 
The aortic valve cusps usually could be seen. Consequently, it was 
possible to distinguish the left ventricular outflow tract from the aortic 
root. The transition from right ventricular outflow tract to main pul- 
monary artery was marked by the absence of myocardium in the 
pulmonary artery, and in six subjects by actual visualization of the 
pulmonic valve. 

The cross-sectional area of the ventricular cavities on each image 
was Calculated by using the display program. Calibration was per- 
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formed by using a phantom with known dimensions. Ventricular 
volumes were obtained by adding the outlined areas from all images 
with the same frame number and multiplying the result by the section 
thickness. 

The end-diastolic and end-systolic volumes of each ventricle were 
defined as the largest and smallest volumes obtained, respectively. 
The nadirs or the peaks of the right and left ventricular volume curves 
were usually found in the same time frame, or the difference from 
one ventricle to another was one time frame. Stroke volumes were 
calculated as the difference between end-diastolic and end-systolic 
volumes of each ventricle. The left ventricular to right ventricular 
stroke volume ratio was calculated to quantify the relation between 
left- and right-sided stroke volumes. 

This method for determining right and left ventricular stroke vol- 
umes was Calculated by using a method validated in our laboratory 
[4,5]. Shunt fraction was determined as (left ventricular stroke volume 
— right ventricular stroke volume)/left ventricular stroke volume. For 
correlation, shunting blood flow was quantified with echocardiography 
and radionuclide angiography by previously described methods [6]. 


Results 


Patient data are summarized in Table 1. In the diastolic 
phase, when blood-flow velocity across the defect was pre- 
sumably minimal, the defect itself was recognized as a region 
in which the higher signal intensity of blood replaced interven- 
tricular myocardium, which has lower signal intensity on cine 
MR images. Cine MR images clearly depicted a small defect 
of the inflow septum (Fig. 1) during diastole as an area with 
the same high signal intensity as intracavitary blood (case 1). 


TABLE 1: Summary of Patients and Cine MR Findings in 
Ventricular Septal Defects (VSDs) 


LLL 
Cine MR Findings 


Case A VSD Location Ana- Shunt Cross- 

No. “9° by Doppler tomic Flow sectional 
Locali- Locali- Area 
zation zation (cm?) 

1 23 Muscular inflow + — 0.9 
2 28  Perimem- — ~ — 
branous 
3 76 Anterior -+ + 13 
TE 
Note.—+ = determined; — = not determined. 


Fig. 1.—Transverse cine MR images 
through heart in patient with small mus- 
cular ventricular septal defect (case 1). 

A, end-diastolic image clearly shows 
defect (arrow) in inflow septum. Note 
high signal intensity of blood relative to 
myocardium. 

B, In early systole, signal loss is 
seen within ventricular septal defect 
resulting from turbulent blood flow 
(shunt jet) through the narrow orifice 
(arrow). 
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In another patient (case 3), who had a recurrent VSD after 
surgical repair of septal rupture that had complicated an 
anterior myocardial infarction, cine MR showed the Teflon 
patch anc recognized the defect located in the anterior and 
inferior pertions of the interventricular septum (Fig. 2). In 
another patiert with a perimembranous VSD (case 2), the 
defect itself was too small to be depicted clearly on the 10- 
mm-thick transverse sections during diastole. 

In systele, all patients showed a low-intensity jet of turbu- 
lent blood crossing from the left to the right ventricle (Figs. 
1-3). This allowed diagnosis of the small VSD in patient 2 
that was not seen on the transverse sections during diastole. 
The cinematic display of images showed the spatial distribu- 
tion of the turbulent flow over time. In the patient with the 
small muscular defect (case 1), anatomic closure of the defect 
and cessatior of shunting was seen at end-systole. Images 
in the oblique orientation through the interventricular septum 
(Fig. 2) identified the three-dimensional extension of the de- 
fect, allowing-direct measurement of the cross-sectional area 
(0.9 cm*) of the elliptically shaped VSD. In the patient with a 
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postinfarction VSD (case 3), cine MR showed movement of 
the Teflon patch away from the myocardium in systole and 
turbulent blood flow underneath the patch through the VSD 
into the right ventricle (Fig. 3). Oblique images through the 
septum showed a VSD with a cross-sectional area of 1.3 cm?, 
which corresponded to the findings at surgery. 

Shunt fractions calculated by cine MR showed good cor- 
relation with values obtained by echocardiography or radio- 
nuclide angiography in two patients. The shunt fractions by 
echocardiography and cine MR were 16% and 23%, respec- 
tively. In the other patient, radionuclide and cine MR shunt 
fractions were 49% and 41%, respectively. In the third patient, 
no quantitative data could be obtained by echocardiography 
since the aortic valve could not be properly seen. 


Discussion 


Cine MR imaging, like standard spin-echo imaging [2], can 
identify VSDs in various anatomic locations. However, cine 
MR imaging also provides important functional information 


Fig. 2.—Sagittal oblique sections 5 
mm in thickness through interventricu- 
lar septum in case 1. Patient’s left 
shoulder was elevated approximately 
40° so that septum was parallel to sag- 
ittal plane. 

A, End-diastolic image shows cross- 
sectional area of defect in sagittal 
plane (arrow). Direct measurement of 
size of defect is possible. 

B, In early systole, there is signal 
void within defect. 


Fig. 3.—Transverse cine MR images 
through heart of patient with surgical 
patch closure of ventricular septal de- 
fect caused by anterior myocardial in- 
farct (case 3). 

A, End-diastolic image shows right 
(straight arrow) and left (curved arrow) 
sides of ventricular septal defect in an- 
terior portion of inferior interventricular 
septum. Teflon patch (curved arrow) is 
seen on cine MR images because of 
contrast between high-intensity blood 
and low-intensity Teflon material. 

B, In early systole there is signal void 
between patch and myocardium (ar- 
row) due to turbulent blood flow. Signal 
void is also seen within right ventricle, 
indicative of left-to-right shunting of 
blood flow. 
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regarding blood flow and right and left ventricular function in 
the same imaging time or even less. Since blood has higher 
signal intensity than myocardium on cine MR images and 
turbulent blood flow causes signal loss due to phase cancel- 
lation [7], the turbulent shunting blood flow is visualized in 
these images. In one patient with a small VSD the location of 
the defect could only be derived from visualization of the jet 
of blood crossing between the ventricles. Visualization of 
turbulent blood flow also aided in clarifying the cause of 
recurrent VSD in the patient with surgical repair. This capa- 
bility of cine MR imaging to directly visualize the stream of 
shunting blood is similar to the detection of such shunt flow 
by Doppler echocardiography [8]. 

Quantification of net shunt size was possible by determi- 
nation of the difference between left and right ventricular 
stroke volumes in these patients. In normal subjects, right 
and left ventricular stroke volumes calculated from cine MR 
images are almost equal [5]. No patient had additional valvular 
lesions, which would also lead to differences between stroke 
volumes. The ability to quantify shunts has prognostic and 
therapeutic implications [9]. In two patients, cine MR values 
were similar to those found by corroborative studies. Since 
cine MR imaging is not restricted by a narrow field of view 
and depicts cardiac anatomy in a tpree-dimensional frame of 
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reference, it may have advantages in the diagnosis and follow- 
up of patients with VSDs. 
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Pictorial Essay 





The Anatomy of the Pericardial Space: A Study in 
Cadavers and Patients 


Yeon Hyeon Choe,’ Jung-Gi Im, Jae Hyung Park, Man Chung Han, and Chu-Wan Kim 


Within the pericardial cavity around the great vessels and 
the heart are several recesses and sinuses [1, 2]. Knowledge 
of the anatomic details of these recesses is helpful in the 
interpretation of CT scans because pericardial effusions or 
cysts within them can simulate mediastinal or intracardiac 
lesions [3, 4, 5]. 

We studied the gross anatomy of the pericardial space on 
transverse and sagittal sections of cadavers and analyzed 
the appearance of the space on CT scans of 16 patients with 
pericardial effusion. 


Materials and Methods 


We studied the pericardial space on transparent resin-embedded 
slices of two cadavers [6]. A frozen male cadaver was sectioned with 
a band saw in the transverse plane at 15-mm intervals, and a female 
Cadaver was sectioned in the sagittal plane at 20-mm intervals. Before 
sectioning, major arterial and venous channels were filled with red 
and blue dye (a mixture of gelatin solution and water-soluble paint) 
by pressure injection through the femoral arteries and veins. In the 
transversely sectioned cadaver, some of the red dye extravasated 
through unidentified routes into the pleuropericardial cavities, making 
it easier to identify the pericardial recesses. 

Sixteen CT scans in patients with pericardial effusions were re- 
viewed. There were nine women and seven men aged 23-51 years 
(mean, 45). The pericardial fluid was associated with lung cancer in 
five, tuberculous pericarditis in three, dissecting aneurysm in three, 
invasive thymoma in two, lymphoma in two, and pericardial mesothe- 
lioma in one. 


The CT scans were performed with GE 8800 and 9800 scanners 
using 10-mm collimation, scan times of 10 sec or 2-3 sec, and scan 
intervals of 10 or 15 mm. IV meglumine iothalamate (Telebrix-30) was 
administered, 60 ml by bolus and 100 ml by drip infusion. 


Results 


Pericardial Space in Cadaveric Sections 


Superior sinus.—At the level of the tracheal bifurcation, the 
superior sinus was seen as a semicircular recess on trans- 
verse sections surrounding the ascending aorta, except along 
its left lateral portion where it was in contact with the pulmo- 
nary artery (Fig. 1A). On the right side the sinus was contin- 
uous with a recess around the superior vena cava. At the 
midthoracic level, the highest portion of anterior vertical seg- 
ment of the transverse sinus appeared between the posterior 
wall of the ascending aorta and the anterior wall of the right 
pulmonary artery. It joined the superior sinus on the right side 
behind the ascending aorta. This connection between the two 
sinuses extended down to the level of the aortic root. On the 
Sagittal sections, the sinus extended superiorly up to the 
origin of the right innominate artery (Fig. 2B). 

Transverse sinus.—The transverse sinus had anterior ver- 
tical, middle horizontal, and posterior vertical segments (Fig. 
3). The horizontal segment lay beneath the proximal right 
pulmonary artery at the level of the sixth or seventh thoracic 
vertebra (Figs. 2B and 2C). It was a posteriorly wedged, 
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Fig. 1.—Transverse cadaveric sec- 
tions. See key for abbreviations. 

A, At level of tracheal bifurcation, 
superior sinus surrounds ascending 
aorta and main pulmonary artery. 

B, Near pulmonary artery bifurcation 
(upper T7 level), upper anterior portion 
of transverse sinus (arrow) connects 
with superior sinus. There is a recess 
behind right pulmonary artery (arrow- 
heads). 

C, At level of right ventricular outflow 
tract (lower T7 level), horizontal portion 
of transverse sinus (arrows) lies be- 
tween ascending aorta and left atrium. 

D, Just above aortic valve (T8 level). 
Inferior portion of transverse sinus 
(straight white arrow), oblique sinus 
behind left atrium (curved white arrow), 
and postcaval recess (black arrows) 
around superior vena cava are seen. 
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Fig. 2.—Sagittal cadaveric sections. See key for abbreviations. 

A, Section at the plane of right atrium. Superior sinus lies anterior to superior vena cava. Thin pericardial space (arrow) is seen around posteroinferior 
wall of right pulmonary artery. 

B, Section at plane of ascending aorta. Anterior vertical segment (curved black arrows) and horizontal segment (white arrow) of transverse sinus are 
observed. Pericardial extension (arrowhead) along posterior wall of right pulmonary artery is separate from transverse sinus. 

C, Section at plane of descending aorta. Posterior vertical segment (straight white arrow) of transverse sinus containing some membranous material 
lies between left atrium and left superior pulmonary vein. Curved white arrow shows horizontal segment of transverse sinus; arrowheads indicate anterior 
vertical segment of transverse sinus. 


AJR:149, Octeber 1987 


Key to Abbreviations Used in Figures 


AA aseending aorta 
AO aorta 
AS anterior pericardial space 
AVS anterior vertical segment of transverse sinus 
DA descending aorta 
horizontal segment of transverse sinus 
inferior pericardial space 
lef atrium 
lef pulmonic recess 
lef pulmonic venous recess 
lef superior pulmonary vein 
lef 
lef ventricle 
metastatic pencardial mass 
main pulmonary artery 
oblique sinus 
pcstcaval recess 
pcsterior pericardial space 
posterior vertical segment of transverse sinus 
richt atrium 
richt atrial appendage 
right pulmonary artery 
richt pulmonic venous recess 
richt 
richt ventricle 
richt ventricular outflow tract 
subepicardial fat 
superior pulmonary vein 
superior sinus 
superior vena cava 
transverse sinus 


platelike space running posteriorly with a slight superior incli- 
nation. The arterior wall of the sinus was the posterior portion 
of the ascending aorta. At lower levels just above the aortic 
root (T8 level), the transverse slit was increased up to 4 cm 
in width and ‘he overall height of anterior vertical segment 
reached about 4.5 cm (Fig. 1D). The posterior vertical seg- 
ment appeared as a vertical slit of 1.5 cm in height extending 
from the posterior end of the horizontal segment behind the 
left atrium. 

Posteaval recess. The recess around the superior vena 
Cava was a lateral extension of the superior sinus. It covered 
the right anteolateral one-fourth or one-third of the circum- 
ference of the entire length of the superior vena cava, except 
around the junction with the right atrium. At this point the 
lateral one-third or two-thirds of the posterior wall of the 
superior vena Cava was covered with pericardial reflection 
(Fig. 1D). 

Oblique sinus.—The abdlique sinus extended behind the 
atria boundec above by the pulmonary veins and on the right 
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Fig. 3.—Schematic drawing of superior sinus and transverse sinus, left 
anterior oblique view. Superior sinus extends from aortic root to top of 
aortic arch covering right wall of ascending aorta. Posteromedial portion 
of superior sinus connects with anterior vertical segment of transverse 
sinus, which is longer on its medial portion. Medial portion (right side) of 
horizontal segment of transverse sinus is wider than its lateral portion, and 
the segment joins posterior vertical segment. See key for abbreviations. 


side by the inferior vena cava [1, 7]. On parasagittal cadaveric 
sections, the left upper portion of the oblique sinus began 
behind the left atrium and in front of the left inferior pulmonary 
vein (Fig. 2C). On the transverse sections, it was a transverse 
slit extending behind the left atrium (Fig. 1D). 


Analysis of the Pericardial Space on CT Scans 


In the 16 CT scans, the amount of pericardial effusion was 
estimated to be moderate to large in 13 cases and small in 
three cases. There was no loculation of the fluid. In all 
patients, fluid was visible in the anterior, inferior, posterior, 
and lateral pericardial spaces. There was detectable fluid 
within the superior sinus in all 16 cases (Fig. 4). The extent 
of the sinus from the aortic root was 5-12 cm (mean, 7.5 
cm). In three cases it was longer than 9 cm, either because 
of an elongated, tortuous aorta (two cases) or because of a 
large intrapericardial mesothelioma that occupied most of the 
pericardial space (one case). In the case with a pericardial 
mesothelioma, the superior sinus extended up to 3 cm above 
the aortic arch at the level of upper body of manubrium, 
simulating a cystic mass in the superior mediastinum on CT 
(Fig. 5). Fluid in the transverse sinus was found in all cases 
except one in which the transverse sinus was obliterated by 
an intrapericardial mass (Fig. 4). A small amount of fluid was 
found within the oblique sinus, regardless of the amount of 
the fluid elsewhere (Figs. 4C and 4D). 


Discussion 


The pericardium normally contains 20-25 ml of physiologic 
fluid, and this small amount can be detected in the superior 
and transverse sinuses on CT scans [3, 5]. Pericardial fluid 
within the recesses can be detectable on CT even in small 
amounts. As little as 50 ml can be identified [8, 9]. Pericardial 
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Fig. 4.—CT scans of pericardial ef- 
fusion. See key for abbreviations. 

A, Superior sinus appears as a semi- 
circular recess around ascending 
aorta. 

B, Just below carinal level. Pericar- 
dial fluid surrounds right pulmonary ar- 
tery in this patient with hemopericar- 
dium. 

C, Transverse sinus, left pulmonic 
recess between left pulmonary artery 
and left pulmonary vein, postcaval re- 
cess, and oblique sinus are shown. 

D, Metastatic pericardial mass with 
large amount of effusion. There is much 
fluid in anterior space. Right pulmonic 
venous recess lies medial to right mid- 
die lobe bronchus, and left pulmonic 
venous recess lies between superior 
and inferior pulmonary veins. Arrow- 
heads indicate inferior portion of su- 
perior sinus and transverse sinus. 


Fig. 5.—A, Superior sinus fluid (SS) 
reaching far above the aortic arch sim- 
ulating a cystic mass between brach- 
eocephalic vessels and trachea. 

B, A contiguous section 1.5 cm be- 
low A. 
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fluid within: the recesses usually is clinically significant, be- 
cause the recesses or sinuses are contiguous to the thymic 
bed, bronchi, tracheobronchial lymph nodes, and esophagus 
[3]. Even in nermal persons, the retroaortic portion of the 
Superior sinus can be misinterpreted as being mediastinal 
lymphadenopathy [5]. Pericardial effusion within the recesses 
Or pericardial cysts occupying the recesses can simulate 
enlarged lymph: nodes, thymic masses, bronchogenic cysts, 
esophageal lesions, or intracardiac lesions such as myxoma 
[3, 4]. 

The three-diraensional configuration of the transverse sinus 
has not been described adequately in the literature [3, 7]. The 
transverse sinus is composed of anterior vertical, middie 
horizontal,.and posterior vertical segments. Healey and Gib- 
bon [7] stated that three-fourths of the circumference of the 
right pulmonary artery project into the pericardial sac. How- 
ever, on the cadaveric sections in our study, the anteroinferior 
one-third of the right pulmonary artery was invested with the 
horizontal and anterior vertical segments of the transverse 
sinus. The posterior one-third of the proximal right pulmonary 
artery was covered with a separate pericardial recess, which 
was a medial extension of the left lateral pericardial space 
along the posterior wall of the main pulmonary artery and the 
right pulmonary artery. Thus, about two-thirds of the circum- 
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ference of the right pulmonary artery lies within the pericardial 
sac. 
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Diagnostic Imaging of the Chest. By Paul R. Goddard. New York: Churchill Livingstone, 173 pp., 1987. $83 


As stated by the author, the purpose of the text is to introduce 
new imaging techniques that are presently available for examining 
the chest and to focus attention on older methods that are still useful. 
The book is based largely on the personal experience of the author, 
who throughout the text introduces a personal approach to the 
investigation of thoracic diseases (excluding cardiac problems). The 
format involves presentation of a case, which provides a forum for 
discussing the value of different imaging techniques and the wide 
variety of ways in which they may be useful. 

The text consists of 13 chapters, beginning with recommendations 
for the type of radiographic examination available for investigation of 
chest diseases. The second chapter on pulmonary masses and 
nodules presents outlines as to cause and aigorithms for arriving at 
a diagnostic conclusion. Other chapters are devoted to multiple coin 
lesions, various types of miliary nodularity, pulmonary fibrosis, and 
pulmonary cavitation. Additional chapters include a discussion of 
widespread alveolar opacification, pulmonary consolidation, and di- 
agnostic approaches to increased and decreased density in the lungs. 


Chapters also are devoted exclusively to elevation of the diaphragm, 
pleural and chest-wall lesions, hilar enlargement, and mediastinal 
masses. 

The illustrations are good, although the use of arrows to point out 
the exact location of the findings would be of value, particularly for 
nonradiologists who are not familiar with the abnormalities described. 
The bibliography is selective and somewhat superficial. 

The text is by nature a monograph in which the personal idiosyn- 
crasies of the author enter into the recommendations. The monograph 
is not comprehensive enough for the advanced, more experienced 
radiologist, but it is valuable for radiologists and other postgraduate 
physicians in training. in addition, all pulmonary physicians in clinical 
practice will find the monograph useful. 


E. Nicholas Sargent 
Los Angeles County—University of Southern California Medical Center 
Los Angeles, CA 90033 
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Case Report 
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Use of mechanical prostheses for direct surgical replace- 
ment of cardiac valves was originally proposed in 1953 by 
Hufnagel [1]. Sixteen years later, Bjork introduced the now- 
famous valvular prosthesis that bears his name. Throughout 
the world, to date, more than 80,000 Bjork-Shiley valves have 
been implanted [2, 3]. As beneficial as these valves have 
been, their use is not without a potential for the development 
of severe, life-threatening complications. Mechanical failure 
has been described either when one of the valve struts 
fractures (with resultant embolization of the disk) or when 
fibrotic material encroaches upon the valve seat, precluding 
complete opening or closure of the disk [2, 4]. As the preva- 
lence of vaive prostheses has increased, so have the number 
of reported prosthetic failures. The radiographic literature has 
largely ignered the signs of prosthetic valvular malfunction. 
To draw attention to this problem, and in the hope that doing 
so will increase survival rates, we report a case of acute 
dysfunction of a prosthetic mitral valve due to fracture of the 
valve's strut with embolization of the disk. 





Case Report 


A 62-year-old man was referred for evaluation and treatment of 
rapidly developing cardiac decompensation; the provisional diagnosis 
was myocardial infarction. The patient had first sought medical atten- 
tion 4 years earlier because of a 2-year history of increasing dyspnea 
on exertion and a 20-year history of a nonspecific heart murmur. 
Mitral regurgitation was diagnosed, and the treatment was surgical 
insertion of a 33-mm Bjork-Shiley mitral valve prosthesis (Shiley, Inc., 
irvine, CA;serial number MBRC 10795). The patient did well for more 
than 3 years, until he suffered a small stroke, manifested by a 
transient dysphonia. According to the medical records, the patient 
was toid at that time that his prosthetic valve was of the size and 
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t Fracture of a Bjork-Shiley Mitral Valve Prosthesis 


Lon A. Hayne,’ Rodney Schmidt,” and Stephen |. Marglin' 


type recently recalled by Shiley because of a higher-than-expected 
failure rate. At home, 2 days before his death, the patient noticed 
worsening fatigue associated with only moderate exercise. On the 
morning of his death, he became acutely light-headed, weak, and 
extremely tired. While en route from his home to an outlying hospital, 
he became dizzy, his fatigue worsened, and he was noted to be 
cyanotic. 

After evaluation at the rural hospital, the patient was intubated and 
airlifted to University Hospital in Seattle, where an ECG revealed 
bradycardia with absent P waves. The patient was hypotensive and, 
despite resuscitative measures, asystole developed. The patient died 
1.5 hr after his arrival. A chest radiograph obtained with a mobile unit 
during resuscitation had been interpreted at first as showing only 
congestive heart failure (Fig. 1A). A plain film of the abdomen obtained 
after the patient's death showed the prosthetic disk of the Bjork- 
Shiley valve in the region of the aortic bifurcation (Fig. 1B). Autopsy 
confirmed the presence of the disk in the distal portion of the aorta. 
Fracture through the weld of the prosthetic vaive's outlet strut was 
discovered also. 


Discussion 


When mechanical failure occurs, it usually is related to 
failure of one or both welds that attach the outlet retaining 
Strut to the valve ring [2, 3, 5]. The resulting inability to reliably 
contain the disk thereby permits embolization. For valves that 
have been placed in the mitral position, the embolized disks 
have been found within the left ventricle [5] and within the 
aorta [6, 7], usually at the level of the aortic bifurcation. All 
valve poppets made after 1971 carry a radiopaque marker, 
so they can be seen easily on conventional radiographs. For 
valves manufactured before 1971, CT has been advocated 
as a means of localizing an embolized disk after emergent 
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Fig. 1.—Acute dysfunction of 
Bjork-Shiley prosthetic mitral 
valve. 

A, Supine chest radiograph 
made 1 hr before death shows 
cardiac enlargement, pulmonary 
edema, and a prosthetic mitral 
valve, (arrow). 

B, Postmortem supine radi- 
ograph of chest and abdomen 
shows embolized valve disk (ar- 
row) in area of aortic bifurcation. 
Disk marker within prosthetic mi- 
tral valve is missing, indicating 


that strut fracture has occurred. 

C, Lateral chest radiograph ob- 
tained 3 years before patient’s 
death shows an easily visible 
marker within prosthetic valve 
disk. 





In recent years, the clinical manifestations associated with 
mechanical failure of prosthetic heart valves have become 
better known [2-7]. As was the case with our patient, valvular 
dysfunction due to fracture of the strut and embolization of 
the disk commonly causes an acute onset of hypotension, 
pulmonary edema, and cardiogenic shock. Physical exami- 
nation invariably reveals absence of the opening and closing 
clicks of the mechanical valve. The typical radiographic find- 
ings are the presence of a prosthetic annulus that contains 
no valve ring, cardiomegaly, and associated severe pulmonary 
edema (Fig. 1A). 

In the Bjork-Shiley valves distributed between 1981 and 
1982, the incidence of failure was calculated to be 0.074/100 
patient years [8]. In 1983, Shiley recalled all nonimplanted 
prostheses of 29-33 mm that had been distributed between 
February 1981 and March 1982 because the failure rate of 
the outlet strut was 0.3-0.4% (i.e., three to five times greater 
than the percentage predicted) [4, 8]. As of February 1985, 
an estimated 80,000 new-model valves had been placed in 
both the aortic and mitral positions [2, 3]. The U.S. Food and 
Drug Administration has reported 106 strut fractures at the 
mitral position that resulted in 69 deaths (65% fatality) and 
19 strut failures at the aortic position that all resulted in a 
fatal outcome [3]. The only patients to survive were those for 
whom diagnosis was rapid and for whom corrective surgery 
was performed without delay [2, 6-8]. 

This case illustrates the consequences of fracture of the 
Strut of a Bjork-Shiley prosthesis and the need for rapid 
recognition of this process by both radiologists and emer- 
gency department specialists. Delayed diagnosis of prosthetic 
valve failure is almost invariably fatal. In all patients with 
prosthetic Bjork-Shiley cardiac valves who present with wors- 
ening congestive heart failure, the possibility of mechanical 
dysfunction and associated embolization of the valve’s disk 
must be considered immediately. All valves manufactured 
after 1971 have a radiopaque marker in the disk that will be 
visible on chest radiographs (Fig. 1C). If no disk is seen, either 
the valve was made before 1971 or the disk has embolized 
out of the field of view. Regardless of the date of manufacture, 
identification of the opening and closing clicks should be easy 
for all Bjork-Shiley valves. If these clicks are not heard, 
mechanical failure due to strut fracture and embolization is 
likely. Emergency replacement of the valve is life-saving. 
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Hemodynamic Changes in 
Portal Circulation After 
Portosystemic Shunts: use of 
Duplex Sonography in 43 Patients 





Forty-five patients with 46 surgical portosystemic shunts were examined by duplex 
Doppler sonography, and the results were compared with those of esophageal endos- 
copy, angiography, surgery, and clinical follow-up. Thirty-eight shunts were patent, and 
in 33 of these, the shunt was directly visualized and flow was observed with Doppler 
sonography. Eight shunts were obstructed. After a successful portosystemic shunt 
procedure, flow in the shunted splanchnic vein was directed toward the shunt and the 
systemic vein. We studied the intrahepatic portal venous circulation in all of the patients; 
we found that in the presence of patent portosystemic shunt, portal flow is hepatofugal. 
This reversal of blood flow occurred in all but four patients. In the end-to-side portacaval 
shunt, where the portal vein is ligated, blood in intrahepatic portal branches presumably 
reaches the shunt through perihepatic collaterals. In the presence of a thrombosed 
shunt, intrahepatic portal venous flow was hepatopetal. 

To our knowledge, this is the first noninvasive in vivo study of intrahepatic portal 
circulation after portosystemic shunt surgery. The duplex Doppler evaluation of porto- 
systemic shunts appears to be reliable and should be the method of choice for shunt 
patency assessment in patients with recurrent signs of portal hypertension. in addition 
to demonstrating flow at the site of the anastomosis, the Doppler study may yield an 
easy and reliable sign of shunt patency: reversed flow (hepatofugal flow) in the intra- 
hepatic portal veins probably signals a patent shunt, even if the site of the anastomosis 
cannot be visualized directly by sonography. 


The patency of surgical portosystemic shunts usually has been assessed by 
arterioportography, selective transanastomotic phlebography [1, 2], or CT [3, 4]. 
These methods do not allow consistent evaluation of the direction of flow in the 
entire splanchnic bed. In addition, angiography involves a certain risk to patients 
who are debilitated by chronic liver disease. As a consequence, the procedure is 
used only when there is significant clinical doubt of shunt patency. There are three 
noninvasive techniques to assess shunt patency: real-time sonography [5-7], MR 
imaging [2], and duplex Doppler sonography [4, 8, 9]. The last combines the 
anatomic information provided by real-time sonography with dynamic detection of 
flow and its direction at considerably lower financial cost than either MR imaging 
or angiography. 

We report our experience with 46 shunts in 45 consecutive patients in whom 
portosystemic shunts were examined with duplex Doppler sonography. The results 
of the procedure were correlated with clinical follow-up, endoscopy, angiography, 
and, when an operation followed the Doppler examination, surgical findings (e.g., 
patency or thrombosis of the shunt). A particular effort was made to study the 
presence and the direction of blood flow in the intrahepatic portal veins efter shunt 
surgery. 


Materials and Methods 


Forty-five patients (age range, 6-70 years) underwent a portosystemic shunt for repeated 
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or massive hemorrhage from gastroesophageal varices. All patients 
had portal hypertension. The hypertension was due to portal vein 
obstruction in three patients, Budd-Chiari syndrome in three, and 
cirrhosis in 39 (alcoholic in 21, postnecrotic in 11, amerindian [familial 
cholestasis in North American Indians] in five, biliary in one, and 
histiocytosis X in one). The types of shunts performed are listed in 
Table 1. One patient had two shunts: the first (side-to-side portacaval) 
closed soon after surgery and a new shunt (mesocaval) was per- 
formed. Patients were examined with duplex Doppler sonography 
from 1 month to 23 years after surgery (mean, 3 years). All had 
periodic clinical examinations. Twenty-nine had esophageal endos- 
copy immediately after surgery or within 12 months of surgery for 
the evaluation of varices. Twelve patients underwent angiographic 
studies: clinical suspicion of shunt obstruction (eight), hepatoma 
(three), and proof of portal vein patency (one). Three patients had an 
operation after their shunts: a liver transplantation (one), a second 
shunt procedure (one), and a partial hepatectomy (one). 

The duplex Doppler examinations were performed using standard 
techniques of vessel insonation (10, 11] and commercially available 
equipment (ATL Mark 600, Ultramark 8, Advanced Technology Lab- 
oratory, Seattle, WA). Patients were examined without preparation, 
except for an overnight fast when possible. After the desired vessel 
was visualized with the real-time mode, the Doppler sample cursor 
was placed within it, using the smallest angle possible between the 
Doppler beam and the axis of the vessel. The Doppler gain was high, 
the pulse-repetition frequency was low, and a filter of 50 or 100 Hz 
was used. Presence or absence of flow and its direction, as well as 
velocity and turbulence, were noted and recorded on film. The follow- 
ing vessels were thus examined: the anastomotic site of the porto- 
systemic shunt, the splenic and superior mesenteric veins, the portal 
vein and its main intrahepatic branches, and the hepatic veins. The 
portal vein and its branches and the portacaval shunts were studied 
by anterior, lateral-subcostal, axillary, or intercostal approaches. The 
locally enlarged inferior vena cava or the renal vein at the site of the 
shunt was sought and evaluated with Doppler. The shunt was con- 
sidered patent if blood flow in the anastomotic splanchnic vein was 
toward the shunt and if flow was detected within the shunt itself and 
within the systemic vein. We looked for spontaneous portosystemic 
collaterals in all patients, especially for gastroesophageal varices and 
their feeding left gastric vein. 


Results 


Duplex Doppler sonography findings were compatible with 
shunt patency in 38 of the 46 shunts. In the other eight, no 
flow was detected at the shunt site, and the shunt was 
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considered to be obstructed (Table 1). 

The Doppler findings were confirmed by angiography (ve- 
nous return of arterioportography, n = 6); surgery (direct 
palpation of the shunt, n = 3); endoscopy (absence of esoph- 
ageal and/or gastric varices, n = 27); and clinical evolution 
(absence of ascites and/or bleeding varices, n = 36). Despite 
persistent ascites in five patients and persistent esophageal 
varices in two patients, flow was detected at the site of the 
shunt by the Doppler examination. 

In 33 of the 38 patients, the shunt itself was seen and 
heard with duplex Doppler (Figs. 1-3), and in the other five 
overlying intestinal gas precluded examination of the shunt 
site. 

In 36 of the 38 patients, there were no signs of portal 
hypertension such as reversed flow in portosystemic collateral 
veins (left or short gastric, paraumbilical, perihepatic, or peri- 
renal veins). In one of the other two patients, flow was still 
reversed in the left gastric vein. In the other, large collateral 
vessels with hepatofugal flow were found around the gallblad- 
der and the porta hepatis 5 years after an end-to-side porta- 
caval shunt, although the shunt itself was identified and 
appeared to be patent. These hepatofugal collaterals were 
interpreted as the draining veins of an intrahepatic arteriopor- 
tal fistula. This was confirmed at angiography, which showed 
a fistula between the right branch of the hepatic artery and 
one of the branches of the right portal vein. In three of the 38 
patients (one patient with mesocaval shunt, one patient with 
a proximal splenorenal shunt, and one with a distal spleno- 
rena! shunt), increased velocity and turbulence were found at 
the site of the anastomosis. In one of these (the patient with 
a distal splenorenal shunt), velocity and turbulence increased 
at three different examinations over a 6-month period until 
the shunt could no longer be seen or heard. At that time, 
signs of portal hypertension occurred (perisplenic varices, 
ascites, and enlargement of the spleen). This was interpreted 
as increasing stenosis and closure of the shunt. No angio- 
graphic studies were done in these three patients. 

in the eight patients with Doppler findings compatible with 
an obstructed shunt (absence of Doppler shift signals at the 
shunt site), indirect signs of portal hypertension were found: 
periportal varices, ascites, or reversed flow in a paraumbilical 
vein. In these eight patients, diagnosis was confirmed by 
angiography in three and by clinical follow-up in five. 


TABLE 1: Direction of Flow in Intrahepatic Portal Veins After Portosystemic Shunts 


Type of Shunt 
in 45 Patients 
(46 Shunts) Flow 


Hepatofugal Hepatopetal No Hepatofugal Hepatopetal No 


End-to-side portacaval (n = 26) 19 
Side-to-side portacaval (n = 8) 7 
Mesocaval (n = 4) 2 
Proximal splenorenal {n = 3) 2 
Distal splenorenal (Warren) (n = 4) 2 
Portarenal (n = 1) : 


Patent Shunt (n = 38) 


eeann a arae iann narama anana 


Obstructed Shunt (n = 8) 


Flow Flow Fiow Flow Flow 
2° 1 0 3 1 
0 0 0 1 0 
0 0 0 1 1 
1° 0 0 0 0 
Ie 0 0 1 0 
0 0 0 0 0 


ANOANO OATES 
3 One patient had a right arterioportal fistula, with hepatopetal flow in the right intrahepatic portal vein and 


hepatofugal in the left. 


> These patients were thought to have a stenotic anastomosis. 
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Fig. 1.—Patent end-to-side portacaval shunt: direct 
visualization. Longitudinal right paramedian duplex Dop- 
pler examination of inferior vena cava (IVC) receiving a 
portacaval shunt. Doppler sample is within portal vein 
near shunt and shows venous flow directed away from 
transducer (below reference line), toward IVC. 


Fig. 2.—Patent proximal splenorenal shunt. 30-year- 
old woman, 3 years after shunting. A transverse left para- 
median infrasplenic duplex Doppler examination shows 
Doppler sample cursor in proximal (A) and distal (B) 
splenic vein near inferior vena cava (I). Flow is biphasic, 
similar to inferior-vena-cava flow. In proximal splenic vein, 
flow direction is posterior (away from transducer), and in 
the distal splenic vein it is anterior (toward inferior vena 
Cava). 


Intrahepatic Portal Venous Circulation 


In 42 of the 45 patients, the intrahepatic portal veins could 
be identified at real-time sonography. Although their size 
appeared to be reduced, Doppler shift signals could be ob- 
tained. Table 1 lists numbers of patients by type of shunt and 
flow direction. Two of the three patients in whom no flow 
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could be detected in the intrahepatic portal vein had throm- 
bosis of the main portal vein. 

In 12 of the 13 patients with patent side-to-side portacaval, 
mesocaval, proximal splenorenal, and portarenal shunts, flow 
in the intrahepatic veins and in the main portal vein was 
hepatofugal. In one patient with a proximal splenoreral shunt, 
flow in the intrahepatic portal vein was hepatopetal. This 


704 LAFORTUNE ET AL. 





finding was associated with increased velocity and turbulence 
at the shunt site, probably reflecting shunt stenosis. In two of 
three patients with a distal splenorenal (Warren) shunt, flow 
in the main and intrahepatic portal veins was hepatofugal. In 
the third, flow was hepatopetal and probably related to ste- 
nosis and subsequent closure of the shunt. 

In 19 of the 22 patients with a patent end-to-side portacaval 
shunt, flow in the intrahepatic portal veins was also reversed 
(Fig. 4). In the other three, flow was hepatopetal in one and 
absent in one. In the third patient, flow was hepatofugal in 
the left branch of the portal vein and hepatopetal in the right 
branch. This patient had an intrahepatic arterioportal fistula in 
the right lobe of the liver. 

Three portacaval shunts closed during the study period 
(two end-to-side, one side-to-side). Intrahepatic portal flow 
changed from hepatofugal to hepatopetal or equivocal (to- 
and-fro) (Fig. 5). 


Discussion 


Surgical portosystemic shunts are performed to prevent 
the recurrence of bleeding esophageal varices. They are less 
frequently performed since the introduction of alternative 
forms of therapy, especially endoscopic sclerotherapy [12]. 

The patency of surgical shunts is of little clinical concern 
until portal hypertension recurs, usually signaled by either 
critical gastrointestinal hemorrhage or massive ascites. In this 
emergency situation in patients with impaired coagulation 
factors, a noninvasive method of assessing shunt patency 
has obvious clinical advantages. MR imaging is not widely 
available and contrast-enhanced CT is not highly sensitive [3, 
4]. Real-time sonography has been used with varying success 
in shunt evaluation [6, 7]. Recently duplex Doppler sonogra- 
phy has been shown to be useful in assessing the presence, 
velocity, and direction of blood flow in deep abdominal vessels 
[10]. Forsberg and Holmin [9] and Ackroyd et al. [8] studied 
patients with surgical shunts with the duplex method and 
succeeded in seeing and hearing 11 of 20 and 10 of 13 
shunts, respectively. In our study, Doppler shift signals were 
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Fig. 3.—Patent, probably stenotic mesocaval shunt. 10- 
year-old girl, 2 months after a shunt revision. Previous 
side-to-side portacaval shunt had closed and a mesocaval 
shunt was performed. Oblique right paramedian infrahe- 
patic duplex Doppler examination: the Doppler sample is 
within the mesocaval shunt and signals bidirectional, tur- 
bulent flow. IVC = inferior vena cava; S = superior mes- 
enteric vein. 


obtained at the shunt site in 33 of 38 patent shunts. In the 
other five patients, indirect clinical and sonographic signs 
(e.g., absence of portal hypertension and hepatofugal intra- 
hepatic portal flow) strongly suggested that the shunts were 
patent. 

In all patients with obstructed shunts, no Doppler signal 
was discerned at the shunt site and there were clinical, 
angiographic, and sonographic signs of recurrent portal hy- 
pertension. The duplex Doppler evaluation of portosystemic 
shunts appears to be reliable and should be the method of 
choice for shunt patency assessment in these Critically ill 
patients. 

In addition to the assessment of portosystemic shunts, the 
duplex Doppler examination permits a study of the hemody- 
namic changes in intrahepatic portal venous blood flow after 
surgery. These changes depend on the type of shunt per- 
formed. 

In side-to-side portacaval, mesocaval, portarenal, and prox- 
imal splenorenal shunts, flow in the intrahepatic portal veins 
was hepatofugal as long as the shunt was patent. This agrees 
with previous angiographic studies [1], even though these 
shunts were designed to preserve some venous inflow into 
the liver while diverting most of the splanchnic venous blood 
into the inferior vena cava. 

The most commonly used selective shunt, the Warren type, 
was designed to decompress the high-pressure splanchnic 
bed, while allowing some physiologic portal venous perfusion 
of the liver to decrease hepatic encephalopathy. In our pa- 
tients with this shunt, flow in the intrahepatic veins was also 
hepatofugal except in one who had signs of shunt stenosis 
and later closure. In most Warren shunts, intrahepatic portal 
vein flow is reversed soon after surgery [13-15]. Further 
Doppler studies of the intrahepatic portal veins are needed to 
establish the time and frequency of this flow reversal. 

The most surprising portal venous flow change occurred in 
our patients with end-to-side portacaval shunts. Because the 
cephalic portion of the portal vein is ligated, and all splanchnic 
venous blood drains into the inferior vena cava, theoretically 
the intrahepatic portal veins are left without venous inflow 


AJR:149, October 1987 PORTOSYSTEMIC SHUNTS 705 





A 


B 


Fig. 4.—Portal venous flow 10 years after successful end-to-side portacaval shunt: 60-year-old man with recent episode of hepatic encephalopathy. 

A, Transverse sonogram and Doppler examination of left lobe of liver. Doppler sample is taken within a branch of portal vein but overlaps to encompass 
small, nearby branch of hepatic artery. Hepatic arterial and portal venous flow are in opposite directions (on Doppler tracing, arterial signal—HA—is above 
reference-line and venous signal—PV—is below reference line). Portal venous flow is thus reversed or hepatofugal. 

B, Tramshepatic portal phlebogram shows contrast medium in a branch of the portal vein (solid arrows) flowing toward perihepatic collaterals (open 


arrows) in a hepatofugal direction. (Shunt is not seen.) 


and therefore may thrombose. What actually happens to the 
intrahepatic portal venous circulation after such shunt surgery 
remains largely unknown, because classic angiographic pro- 
cedures (i.e., arterioportography, splenoportography) do not 


Fig. S.—Change in portal venous flow with shunt block- 
age. 22-year-old woman examined before and after clini- 
cal evidence cf obstruction of side-to-side portacaval 
shunt: when shunt was open (A), Doppler sample within 
portal vein (in oblique subcostal view) shows hepatofugal 
flow (imopposite direction to that of hepatic artery). After 
obstruction of shunt (B), Doppler sample in same location 
shows hepatopetal flow. 


opacify these veins. Léger et al. [16] reported four deaths 
after end-to-side portacaval shunts thought to be caused by 
massive portal venous thrombosis. He postulated that throm- 
bosis in the intrahepatic portal veins is inevitable and that the 
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speed of its occurrence dictates prognosis. Later, Bookstein 
et al. [17], Reuter and Orloff [18], and Novak et al. [19] 
showed patent intrahepatic portal veins in a total of 14 
patients with end-to-side portacaval shunts. They used he- 
patic arteriography and wedge hepatic venography and had 
difficulty showing the direction of flow. Usually flow was 
hepatofugal through cystic or pancreatoduodenal veins. Ours 
is the first noninvasive study to show that in most patent end- 
to-side portacaval shunts, even 20 years after surgery, the 
intrahepatic portal veins are patent and flow is hepatofugal, 
as it is in side-to-side portacaval shunts. Flow in the portal 
veins in these patients is probably maintained through intra- 
hepatic arterioportal shunts, secondary to the ongoing cirrho- 
sis, which causes anastomoses between arterioles and portal 
venules at the sinusoids. Portal venous blood then leaves the 
liver through venous collaterals flowing toward the systemic 
circulation [18]. The pattern of these collaterals is difficult to 
identify unless directly opacified by transhepatic phlebography 
(Fig. 4B). These collateral veins may redirect splanchnic ve- 
nous flow into the liver and result in hepatopetal intrahepatic 
portal venous flow if the shunt is obstructed. 

Direct duplex Doppler examination of surgical portosys- 
temic shunts is a reliable method of assessing their patency. 
In addition, the demonstration of hepatofugal flow in the 
intrahepatic portal veins is a reliable indirect sign that the 
shunt is patent, even if the shunt itself cannot be seen directly. 
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Mesoatrial Shunt for the 
Treatment of Budd-Chiari 
Syndrome: Radiologic Evaluation 
in Eight Patients 





The construction of a mesoatrial shunt for portal decompression is one of the surgical 
procedures used for the treatment of Budd-Chiari syndrome. The results of the imaging 
procedures performed in eight patients treated in this fashion were retrospectively 
analyzed. All of the patients had angiography; seven had MR imaging and two had 
Doppler sonography. The demonstration of shunt patency, stenosis, or occlusion by MR 
and Doppler sonography was confirmed by angiography in ali cases. 

We conclude that MR imaging may serve as an accurate screening method to assess 
shunt patency and to determine which patients require angiography to obtain hemody- 
namic data. Doppler sonography may also be a useful screening method, but additional 
data must be obtained to assess its role in evaluation of shunt patency. 


In patients with the Budd-Chiari syndrome in whom occlusion or compression of 
the inferior vena cava precludes the use of standard portacaval shunts for portal 
venous decompression, construction of a mesoatrial shunt may be the treatment 
of choice [1]. This shunt is a Dacron or Gortex graft that is interposed between 
the superior mesenteric vein and the right atrium. The occlusion rate of these 
shunts is high because of their long length and slow flow rates [2, 3]. The purpose 
of this communication is to evaluate retrospectively the appearance of the mesoa- 
trial shunt as imaged by angiography, MR, and Doppler sonography in eight patients 
who had the procedure. Use of these methods for radiologic follow-up and for 
assessment for possible complications of the shunt was also evaluated. 


Subjects and Methods 


Nine mesoatrial shunts performed on eight patients between 1981 and 1986 were imaged 
postoperatively at our institution. Five of the patients were women; the age range was 18- 
61 years. Predisposing factors incluced polycythemia vera (two patients) and oral contracep- 
tive use (one patient). Five of the cases were of unknown cause. Mesoatrial shunts were 
performed in the presence of documented inferior vena cava thrombosis (five patients), 
compression of the inferior vena cava by a congested liver (two patients), or inferior vena 
cava stenosis (one patient). 

Four of the shunts had remained patent at the last follow-up examination, 1 month, 5 
months, 9 months, and 4 years, respectively, after surgery. Four patients developed stenosis 
of the shunt. In one of these patients, total occlusion of the shunt occurred later. Shunt 
thrombosis occurred in another patient who subsequently underwent a second mesoatrial 
shunt procedure. 

All eight patients had postoperative angiographic evaluation. This included inferior vena- 
cavography to reassess for thrombus, stenosis, and relief of compression. Pressure meas- 
urements in the infrahepatic cava and in the right atrium were obtained if possible. Injection 
into the superior mesenteric artery allowed visualization of a patent shunt in the venous 
phase if flow was sufficiently rapid. Direct catheterization of the shunt was performed in two 
patients. 

A Philips 1.5-T superconducting MR unit, operating at either 0.5 or 1.5 T, was used in 
seven patients. Spin-echo sequences in the axial, sagittal, and coronal planes were obtained, 
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using spin-echo sequences (TE 20-30 msec, TR 300-1260 msec). If 
high signal intensity was seen within the shunt, at least one additional 
multiecho, spin-echo sequence was obtained to attempt to differen- 
tiate slow flow from thrombus within the shunt. 

Doppler sonography was performed on an Acuson 128 unit. Eval- 
uation included identification of the portal vein, with velocity measure- 
ments and vessel diameters obtained for calculation of blood flow. 
Doppler evaluation of the inferior vena cava and hepatic veins was 
also performed. The graft itself could not be visualized in either 
patient. 


Results 


Nine mesoatrial shunts were performed on eight patients. 
Four of the shunts were patent on last follow-up examination 
(Fig. 1). Angiography alone was performed in one of these 
patients. In two patients, a patent shunt was shown by both 
MR and angiography. In the fourth case, angiography, MR, 
and Doppler sonography confirmed shunt patency. This was 
the second mesoatrial shunt in this patient. The initial shunt 
became occluded in the immediate postoperative period. The 
occlusion was diagnosed by angiography, MR imaging, and 
Doppler sonography (Fig. 2). One of these four patients 
subsequently underwent takedown of the mesoatrial shunt 
with construction of a portacaval shunt after venacavography 
showed patency and relief of caval compression. 

There were four patients with shunt stenosis (Fig. 3). In all 
four, the stenosis was shown by both angiography and MR. 
Shunt catheterization was performed in two of these patients. 
Pressure measurements were recorded in one patient with 
no pressure gradient obtained across the area of stenosis. 
This patient progressed to total shunt occlusion on further 
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follow-up examination (Fig. 4). Another of these patients was 
converted to a portacaval shunt. 

Of the 11 MR examinations performed on seven patients, 
the findings correlated with the angiographic finding in all 11. 
Doppler sonography was obtained on three occasions and 
correlated with the angiographic findings in all three cases. 


Discussion 


Portosystemic decompression has been shown to benefit 
selected patients with the Budd-Chiari syndrome by prevent- 
ing further hepatocyte injury and increasing long-term survival 
[4, 5]. The construction of a mesoatrial shunt has been 
advocated in patients with the Budd-Chiari syndrome in whom 
inferior vena cava thrombosis, stenosis, or compression by 
the enlarged congested liver necessitates decompression by 
means other than standard portacaval shunts. First described 
by Cameron and Madrey in 1978 [1], this shunt involves the 
anastomosis of a long Dacron or Gortex graft to the superior 
mesenteric vein, which is then tunneled anterior to the liver 
into the chest. It is then anastomosed to the right atrium, 
providing direct portal decompression by converting the portal 
vein into an outflow tract. 

The occlusion rate of these long grafts is high, with three 
of seven shunts thrombosed in one series [3] and two of eight 
thrombosed in our series. Also, our data indicate that there is 
a significant rate of stenosis. Thus follow-up of these patients 
is essential. 

MR imaging can accurately evaluate shunt patency [2] by 
means of the “flow void phenomenon” [6]. Stenosis, in the 
absence of occlusion, is also seen with MR as a crescent of 





Fig. 1.—Normal mesoatrial shunt. 

A, Diagram. Arrows indicate direction of-blood 
flow in shunt. 

B, Venous phase of a superior mesenteric 
artery angiogram. 

C, Axial MR image (TR 900 msec, TE 30 
msec). Arrow indicates patent shunt. 
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Fig. 2.—Dogpler sonography shows patent =i 
and occluded mesoatrial shunt. Transducer is mM M 
held over liver. Dotted white line represents path 
of sonographic beam. Double white bar shows 
position of cursor in portal vein. 

A, Patent shunt flow is directed away from 
liver (hepatofugal) and into mesoatrial shunt, 
providing for partal decompression. 

B, Occludec mesoatrial shunt. Flow is di- 
rected toward liver, suggesting occlusion of 
shunt that converts portal vein into an outflow 
tract. 


- 
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Fig. 3.—Shunt stenosis shown by angiogra- 
phy and MR. 

A, Direct catheterization of mesoatrial shunt 
via the femoral’vein. Contrast column is irregu- 
larly narrowed by peripheral thrombus (arrows). 

B, Axial MR image (TR 900 msec, TE 30 msec). 
A peripheral rim of increased signal intensity is 
seen within shant (arrow), representing rim of 
thrombus. 


high signal intensity at the periphery of the shunt. High signal 
intensity within the graft indicates slow flow or thrombosis, 
which may be differentiated by the use of a multiecho, spin- 
echo sequence [7]. MR also allows assessment of blood flow 
in the hepatie veins and inferior vena cava and evaluation of 
hepatic pareachyma, and it documents the presence of as- 
cites and varces. Hepatic and splenic volumes may also be 
calculated. Ir our series, MR results correlated with angiog- 
raphy in all cases. 

While Doppler sonography shows considerable promise in 
the evaluation of shunt patency, there are not enough data 
to suggest that it can serve as the primary screening method 
for evaluation of shunt patency. In the three examinations 
performed in dur two patients, shunt patency was suggested 
by the presemce of hepatofugal flow in the portal vein in one 
patient. This was confirmed by MR and angiography. Shunt 
thrombosis was suspected in another patient when hepato- 
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petal portal venous flow was noted and in the third patient 
when thrombosis of the portal vein was observed. Both of 
these findings were confirmed by angiography. Unfortunately, 
the shunt itself is usually difficult to evaluate directly because 
the graft impedes sound transmission. Despite its reliance on 
indirect assessment of shunt patency, Doppler sonography 
would be the ideal preliminary screening method because of 
its low cost, availability, and portability. 

Our review suggests that angiography is necessary in some 
cases in order to obtain pressure measurements in the inferior 
vena cava or the shunt itself. Pressure measurements are 
essential in order to determine the hemodynamic significance 
of an area of stenosis in the graft and to assess inferior vena 
cava pressures to see if conversion of a mesoatrial to porta- 
caval shunt is possible. However, our data suggest that MR 
imaging and Doppler sonography can serve as screening 
methods to select those patients who need angiography. 
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Fig. 4.—Mesoatrial shunt thrombosis. 

A, Venous phase of superior mesenteric ar- 
tery angiogram shows no opacification of shunt 
indicating shunt thrombosis. Numerous collater- 
als are evident. Also note absence of opacifica- 
tion of portal vein due to portal vein thrombosis. 

B, Axial MR image (TR 1260 msec, TE 30 
msec). High signal intensity in shunt (arrow) 
indicates thrombosis. 
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Intrahepatic Portosystemic 
Venous Shunt: Occurrence in 


Patients With and Without Liver 
Cirrhosis 





Portosystemic venous shunt within the hepatic parenchyma is rare, and its cause is 
disputed. Only 12 cases have been reported in the literature. Four new patients are 
presented here, all of whom had cerebral manifestations due to elevated blood-ammonia 
levels. One patient, initially misdiagnosed as having a psychiatric disorder, had multiple 
small portohepatic venous shunts in the peripheral hepatic parenchyma that were 
believed to be congenital in origin. The other three patients with clinical evidence of 
cirrhosis and portal hypertension had large tubular shunts between the posterior branch 
of the portal vein and the inferior vena cava. Shunts of this type were considered to be 
the collateral pathways developed in the hepatic parenchyma as a result of portai 
hypertension. The diagnosis of intrahepatic portosystemic venous shunts was estab- 
lished by angiography in all four patients. Sonography and CT failed to show the multiple 
small shunts, but did provide diagnostic information concerning the large tubular shunts. 

intrahepatic portosystemic venous shunt can be the cause of hepatic encephalopathy. 
One should be familiar with the typical radiographic manifestations of this condition to 
prevent misdiagnosis as a psychiatric or neurologic disorder. 


The portosystemic venous collaterals observed in patients with portal hyperten- 
sion are mostly extrahepatic. In postmortem studies, minute intrahepatic shunts (1 
or 2 mm in diameter) between the portal and hepatic veins occasionally have been 
observed in cirrhotic livers [1, 2]. Excluding these minute shunts, the portosystemic 
venous shunts (PSVS) within the hepatic parenchyma are extremely rare, and their 
cause is controversial. Descriptions have been limited to scattered case reports, 
and only 12 cases were found in the English-language literature [3-12]. 

The purpose of this paper is to present four cases of hepatic encephalopathy. 
One patient had multiple small shunts, probably congenital, and the other three 
patients had large shunts related to portal hypertension and cirrhosis of the liver. 
The usefulness of sonography, CT, and angiography in diagnosing PSVS is 
discussed. 


Case Reports 
Case 1 


A 66-year-old man was admitted to the psychiatric ward because of abnormal behavior 
and disorientation. Laboratory studies revealed pancytopenia, hypoproteinemia, and elevated 
serum ammonia value (170 mg/di). Portosystemic venous shunt was suspected and angiog- 
raphy was requested. it showed multiple intrahepatic portohepatic venous shunts (Fig. 1A). 
Wedged-hepatic venous pressure was within normal limits. CT and sonography failed to 
show the shunts. The patient died 4 years after the first admission. Radiographs of the liver 
made at autopsy after injection of barium sulfate into the main portal vein revealed multiple 
portohepatic venous shunts in the peripheral liver parenchyma (Fig. 1B). The walls of the 
shunts lacked both the muscular layer and the elastic lamellae on microscopic examination 
(Fig. 1C). Normal hepatic architecture was preserved. 
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Case 2 


A 70-year-old woman with cystitis and hematuria was referred for 
evaluation of a right adrenal mass suspected on CT. During admission 
there were two episodes of abnormal behavior, disorientation, and 
headache. Cirrhosis of the liver was suspected from laboratory data. 
Sonography and CT with IV contrast material showed an abnormal 
vessel connecting the right branch of the portal vein to the inferior 
vena Cava at suprarenal region (Figs. 2A and 2B). Arteriography and 
percutaneous transhepatic portography showed a large shunt from 
the posterior branch of the right portal vein to the inferior vena cava 
(Fig. 2C). The pressure of the portal vein measured during percuta- 
neous transhepatic portography was markedly elevated (1060 mm 
H20). 


Case 3 


A 64-year-old woman was referred because of repeated episodes 
of abnormal behavior, loss of consciousness, and flapping tremor. 


Fig. 1.—Case 1. 

A, Venous phase of splenic arteriogram. Multiple portohepatic venous 
shunts (arrows) ranging from 2 to 7 mm in diameter in both hepatic lobes. 
PV = portal vein, RHV = right hepatic vein. 

B, Radiograph of liver made at autopsy after injection of barium sulfate 
into main portal vein (PV) shows multiple portohepatic venous shunts 
(arrows) and filling of hepatic veins. Shunts range from 1 to 7 mm in 
diameter. RPV = right portal vein, LPV = left portal vein, RHV = right 
hepatic vein, MHV = middle hepatic vein, LHV = left hepatic vein. 

C, Histologic section shows walls of portohepatic venous shunts (ar- 
rows). Both elastic lamellae and muscular layers are lacking. Weigert’s 
elastica van Gieson stain. 


Laboratory data indicated cirrhosis of the liver. Serum ammonia level 
was elevated (288 mg/dl). CT showed a large vessel between the 
right portal vein and the inferior vena cava (Fig. 3A). Arterial portog- 
raphy (Fig. 3B) and retrograde venography confirmed the shunt (Fig. 
3C). Gastroesophageal varices were shown by angiography. Sonog- 
raphy failed to show the shunt because the patient was obese and 
the liver was markedly atrophic. 


Case 4 


A 55-year-old man was admitted because of general malaise, 
ascites, and neck pain. During admission mental confusion gradually 
developed. Laboratory studies indicated the presence of cirrhosis of 
the liver. Serum ammonia level was elevated (189 mg/dl). Sonography 
and CT showed a large fistulous communication between the pos- 
terior branch of the right portal vein and the inferior vena cava (Fig. 
4). This was confirmed by arterial portography. Gastroesophageal 
varices were also shown by angiography. 
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Fig. 2.—Case 2. 

A poe B, intercostal oblique sonograms of the liver. A large vascular channel (arrows) that is continuous with the right portal vein courses posteriorly 
and turns anteromedially, joining inferior vena cava (IVC). 

C, Lateral views of percutaneous transhepatic portogram reveal a large venous shunt that connects posterior branch of right portal vein and inferior 
vena cava (IVC). Shunt is 20 mm in diameter. Pressure of portal vein was 1060 mm H20. Posteroinferior branch (curved arrow) and posterosuperior branch 
(straight arrow) of right portal vein are identified branching out from shunt. 





Fig. 3.—Case 3. 

A, Plain CT shows low-density structures (arrows) in right lobe of liver that course posteriorly and 
appear to be connected with the inferior vena cava. 

B, Venous phase of superior mesenteric arteriogram shows an opacification of large, tortuous 
vessel (arrows), about 20 mm in diameter, arising from right portal vein and draining into inferior 
vena cava (arrowheads). 

C, Catheterization of inferior vena cava is performed and a retrograde opacification of shunt 
(arrows) is obtained with injection of contrast material at draining site of shunt. 


Fig. 4.—Case 4: CT after IV injection of contrast material shows vessel (arrows) connecting right 
portal vein with inferior vena cava. RK = right kidney. 
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Discussion 


The intrahepatic portosystemic venous shunt (PSVS) is 
rare, but it can cause hepatic encephalopathy. All four patients 
presented here and seven out of 12 previously reported cases 
had cerebral manifestations [3-12]. Early and accurate diag- 
nosis is important to prevent misdiagnosis as a psychiatric or 
neurologic disorder. 

In case 1, the shunt consisted of multiple small communi- 
cations in the peripheral liver parenchyma. Two similar cases 
have been reported [3, 4]. Histologic studies in these cases 
and in our case revealed normal liver parenchyma. These 
three cases were therefore considered congenital in origin. 
None of them had shown portal hypertension. In this type of 
PSVS, the shunts were too small to be detected by either 
sonography or CT, and angiography was necessary to make 
the diagnosis. 

In cases 2, 3, and 4, the shunt existed between the right 
portal vein and the inferior vena cava. These three cases 
showed clinical evidence of liver cirrhosis and portal hyperten- 
sion. The shunts arose from the posterior branch of the right 
portal vein, ran posteriorly, and turned anteromedially to join 
the posterior aspect of the inferior vena cava at the suprarenal 
region. Two previously reported cases with suspected cirrho- 
sis of the liver were the same type of PSVS [5, 6]. This type 
of shunt may exist between the portal vein branch and the 
accessory right hepatic vein or may represent a transhepatic 
collateral pathway developed through the bare area of the 
liver caused by portal hypertension, as described by Kadoya 
et al. [6]. The extrahepatic part of the shunt may represent 
the dilated right adrenal (or inferior phrenic) vein. Sonography 
usually provides diagnostic information showing a tortuous 
tubular vessel connecting the right portal vein to the inferior 
vena cava. CT may also be valuable, particularly when the 
liver is atrophic and sonography fails to show a clear image 
of the shunt. Care should be taken, however, since the 
extrahepatic part can be a cause of adrenal pseudotumor on 
CT [13, 14]. An enhanced or dynamic CT scan is necessary 
to prevent misdiagnosis. 

Besides the two types of PSVS presented here, PSVS 
between the second- or third-order branch of the portal vein 
and the hepatic vein has been reported [7-12]. PSVS of this 
type consists of a single shunt of varied size and shape. Only 
one of eight reported cases of this type of PSVS manifested 
hepatic encephalopathy. Three patients had liver cirrhosis. 
Kozuka et al. [7] speculated that the shunt in their case was 
acquired. However, some authors have speculated that this 
type of PSVS represents persistent embryonic venous anas- 
tomoses [10-12]. Real-time sonography provided diagnostic 
information in the patients with this type of PSVS, although 
definitive diagnosis was made by angiography. 

Although sonography and CT often provide diagnostic in- 
formation, angiography seems to be necessary to confirm the 
diagnosis in most cases of PSVS. Arterial portography is 
essentially diagnostic. Additional oblique or lateral views of 
angiograms are desirable, especially in patients with PSVS 
between the right portal vein and the inferior vena cava. When 
arterial portography fails to depict a distinct image of the 
shunt, percutaneous transhepatic portography may be re- 
quired. Retrograde venography might be a less invasive 
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method. MR imaging and sonography using the pulsed Dop- 
pler technique [10] may also prove useful for the diagnosis of 
PSVS. 

In an early stage of embryologic development, anasto- 
moses exist between the subcardinal venous system and 
vitelline venous system [15, 16]. The right subcardinal vein 
becomes a part of the hepatic segment of the inferior vena 
cava. The vitelline vein is broken to the vitelline sinusoids, 
which become the intrahepatic portal vein branches and the 
hepatic veins. It is possible that most portosystemic venous 
shunts either exist or develop from embryonic vascular rem- 
nants, including the right vitelline vein and the vitelline sinu- 
soids. A ductus venosus is one of the possible causes that 
may produce a communication between the left portal vein 
and the inferior vena cava. PSVS can develop as the intra- 
hepatic collateral pathways in the presence of the cirrhosis of 
the liver and portal hypertension. 
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Intraperitoneal Hemorrhage 
Due to Spontaneous Rupture 
of Hepatocellular Carcinoma: 
Treatment by Hepatic Artery 
Embolization 





Seventeen patients with intraperitoneal hemorrhage due to spontaneous rupture of 
hepatocellular carcinoma were treated by emergency transcatheter arterial emboliza- 
tion. Fine-needle aspiration cytology was used to establish the histologic diagnosis in 
11 patients with no history of hepatic malignancy. The other six patients had a pathologic 
confirmation of hepatic malignancy by open biopsy before admission. Pretreatment 
angiography showed extravasation of contrast material from the hepatic tumor in four 
patients (24%). in the other 13 patients, only hypervascular tumors were seen. Success- 
ful hemostasis was achieved in all patients. Fourteen patients survived after the 
embolization; the other three died immediately after embolization. Of the 14 patients, 11 
died later (survival time ranged from 16 to 386 days). The remaining three patients are 
still alive at 3, 7, and 15 months, respectively, after the procedure. No serious compli- 
cations related to embolization were encountered. Most patients had pain and fever. 

We conclude that emergency arterial embolization is an effective alternative to surgery 
for hepatic hemostasis in patients with spontaneous rupture of hepatocellular carcinoma. 


In Taiwan, primary hepatocellular carcinoma (HCC) is the most commonly seen 
malignant tumor. A patient's survival time is usually extremely short, regardless of 
treatment [1]. Spontaneous rupture of HCC causing massive hemoperitoneum is 
rare in whites, but is more frequent among Chinese [2]. Spontaneous rupture of 
HCC constitutes a critical and life-threatening condition; patients usually present 
with a sudden attack of abdominal pain accompanied by hypovolemic shock and 
massive hemoperitoneum. An aggressive surgical approach has been advocated 
by several authors [2-5]. Unfortunately, many patients are poor surgical candidates 
because of cirrhosis and extensive tumor replacement of the liver. Surgery in these 
instances carries a high risk of morbidity and mortality. 

Arterial embolization has been used to control hemorrhage resulting from hepatic 
metastases [6]. We describe our experience with this technique for treatment of 
patients with spontaneous rupture of HCC. 


Subjects and Methods 


Seventeen patients with spontaneous rupture of HCC were treated during the past 4 
years. There were 15 men and two women ranging in age from 36 to 66 years. All patients 
were admitted with sudden onset of abdominal pain, falling hematocrit, and distended 
abdomen. Six patients had had a histologic diagnosis of HCC by open biopsy before 
admission. In the other 11, the diagnosis was confirmed by fine-needie aspiration cytology 
done soon after admission. Measurement of serum alpha-fetoprotein levels and sonography 
were carried out in all the patients, and CT was done in nine patients before angiography. 
Abdominal paracentesis was performed in every case to confirm the presence of hemoperi- 
toneum. The hematocrit of the intraperitoneal aspirates ranged from 8% to 40% (mean, 24%). 

After resuscitation with IV fluid and blood, celiac and superior mesenteric arteriography 
with portography were performed via the femoral artery. The bieeding sites of hepatic tumors 
were identified in four patients. In the other 13, only hypervascular tumors were evident. After 
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superselective catheterization of the artery supplying the tumor, a 
mixture of Gelfoam (Upjohn, Ml), 10 mg of mitomycin C (Kyowa, 
Tokyo), and Urograffin (Schering, Berlin) was injected slowly until the 
blood flow supplying the tumor was completely interrupted. Stainless- 
Steel coils (Cook, Bloomington, IN) were used in five patients with 
hepatic arterial-portal vein shunts. A liver function test was done and 
alpha-fetoprotein levels were measured in all patients every 3 days 
for 2 weeks during the postembolization period. Follow-up sono- 
graphic and CT examinations were also performed in most patients. 
Four patients had embolization a second time after the initial treat- 
ment failed. 


Results 


Cessation of bleeding was achieved in all cases following 
embolization, as evidenced by increasing hematocrit values 
after adequate blood transfusion. Celiac angiography after 
embolization was completed revealed the disappearance of 
extravasation and occlusion of the tumor vessels in all cases 
(Figs. 1 and 2). Of the 17 patients, three died 2-4 days after 
embolization. The causes of death were shock in two and 
respiratory failure in one. Two patients developed progressive 
jaundice and died of hepatic failure within 1 month after 
embolization. Of the 12 patients who survived for more than 
1 month, nine died from progression of the tumor (survival 
time, 44-386 days; median, 5 months). The remaining three 
patients are still alive (at 3, 7, and 15 months, respectively). 

Transient elevation of serum transaminase concentration 
was found in all cases on the second day after embolization. 
The patients usually returned to the preembolization levels 
within 2 weeks. Two patients had progressive elevation of 
serum bilirubin concentration and died of hepatic insufficiency 
1 month after embolization treatment. Ten of the 17 patients 
who had had alpha-fetoprotein values greater than 400 
„g/dl before embolization had a decrease in alpha-fetoprotein 
immediately after embolization. However, the value rose again 
1 or 2 months later. Pain and fever occurred in all patients for 
a period of 1 week after the embolization. The pain was 
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usually located in the epigastric and right upper quadrant 
area, and the severity varied from mild to moderate degree in 
most patients. Narcotics were used to control the pain. The 
fever was usually low grade and was easily treated with 
Salicylates. 

Serial sonograms showed no complications from the pro- 
cedure. The studies showed that the time for complete ab- 
sorption of bloody ascites varied from 11 to 26 days (mean, 
17 days) in 11 patients. Three patients with refractory ascites 
had progressive impairment of liver function and subsequently 
died. 


Discussion 


Successful control of bleeding by embolization of the he- 
patic artery was achieved in all our patients with intraperito- 
neal hemorrhage caused by spontaneous rupture of HCC. 
This was documented by angiography and serial monitoring 
of the hematocrit value. Embolization in these cases was a 
life-saving procedure. There were no serious complications. 
The advantage of arterial embolization over the surgical ap- 
proach is apparent, especially in debilitated patients who are 
poor surgical risks. Embolization should be considered as the 
primary procedure for HCC. Surgery should be performed 
only when hepatic resection is possible or when the emboli- 
zation fails to control the bleeding. 

The prognosis for spontaneous rupture of HCC is extremely 
poor. The outcome is determined by the basic disease and 
the time of diagnosis, degree of hemorrhage, and type of 
therapy. Although the majority of our patients had far ad- 
vanced disease, emergency embolization offered a nonsurgi- 
cal approach to prolonging life in those with spontaneous 
rupture of HCC. In our series, three (18%) of the 17 patients 
died immediately after embolization, although hepatic hemo- 
stasis was successfully achieved. However, the immediate 
mortality in the present series is significantly less than that 
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Fig. 1.—52-year-old woman had sudden onset of severe abdominal pain with shock and hemoperitoneum. There was no history of liver disease. 
A, Hepatic arteriogram shows extravasation of contrast material (arrow) from a hypervascular tumor supplied by branches of the left hepatic artery. 


B, Persistent extravasation (arrows) in venous phase. 


C, Celiac arteriogram after embolization shows complete obliteration of tumor vessels and no further bleeding. 
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Fig. 2.—54-year-old man presented with ab- 
dominal pain and massive hemoperitoneum. He 
had been in goed health before admission. 

A, Celiac arteriogram shows a large tumor 
(arrows) with rich vascularity. 

B, Pestemboiization arteriogram shows occlu- 
sion of the tumor vessels. 


(50-54%) in patients treated by surgical ligation of the hepatic 
artery [3, 4]. The prognosis in our patients was no worse 
than that in the patients with HCC without rupture. Moreover, 
Hirai et al. [6] found that the mean life span in 14 patients 
treated by emergency embolization was 98 days from the 
onset of rupture of HCC. This survival time compared favor- 
ably with a mean survival of 13 days in patients who were 
treated conservatively. Successful arterial embolization al- 
lowed further treatment of the primary disease, which was 
particularly critical in patients who were poor surgical candi- 
dates. In addition, therapeutic embolization results in de- 
creased morbidity and shortens the length of the hospital 
stay. This experience suggests that embolization therapy may 
be the treatment of choice in patients with intraperitoneal 
hemorrhage caused by HCC. 
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Dorsal Pancreas Presenting as a Mass in the Chest 


Anthony Coral,' Simon N. Jones, and W. R. Lees 


A unique case is presented of a patient with a mass on 
chest radiographs that proved to be a herniated dorsal pan- 
creas. The position of the hernia in the posteromedial part of 
the right leaf of the diaphragm indicates that the patient had 
a persistent pneumatoenteric recess. The embryologic origin 
and the implications for diagnosis are discussed. 


Case Report 


A 56-year-old male ex-smoker presented with hemoptysis. It was 
known that a mass had been present in the posteromedial part of 
the right lower chest from chest radiographs taken 7 years earlier 
(Fig. 1). CT showed a mass passing through a posterior defect in the 
diaphragm immediately lateral to the right crus (Fig. 2). At thoracot- 
omy the mass, thought to be a pulmonary sequestration, appeared 
to be supplied by a vessel piercing the diaphragm. Dissection of the 
mass revealed a central tubular structure containing fluid. A drain 
was left in this structure, and a postoperative injection with water- 
soluble contrast medium opacified a tract that communicated with 
the duodenum (Fig. 3). Subsequent endoscopic retrograde pancrea- 
tography confirmed that this was the main pancreatic duct commu- 
nicating with the drainage tube (Fig. 4). 


Discussion 


To our knowledge, this is the first reported case of a 
diaphragmatic hernia solely containing pancreas. We believe 
that the patient had a persistent pneumatoenteric recess, 
often referred to as a paraesophageal hernia. 

A small pocketlike excavation on each side of the dorsal 
mesogastrium appears in the embryo at about the 4-mm 
stage [1]. These are known as the pneumatoenteric recesses. 
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The left is transitory and soon disappears, but the right 
enlarges into the mesentery behind the stomach (Fig. 5) and 
extends cranially dorsal to the right lobe of the liver and 
posterior to the esophagus toward the right lung bud. With 
the later formation of the diaphragm, fibers that extend from 
the septum transversum obliterate this recess to form (1) 
inferiorly, the upper recess of the lesser sac behind the liver 
and (2) superiorly, between the esophagus and lung, a small 
cyst, the infracardiac bursa, lying in the base of the right 
pulmonary ligament. A persistent pneumatoenteric recess 
usually contains the greater curve of stomach, but the solitary 
presence of colon has been described [2]. 
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Fig. 1.—Frontal (A) and lateral (B) chest radiographs show mass (ar- 
row) in posteromedial part of right chest. 
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Fig. 2.—A and B, CT scans show mass (ar- 
row) herniating nto chest in close relationship 


to right crus of the diaphragm. 


Fig. 3.—A radioeraph made after injection of 
water-soluble contmst material shows opacifi- 
cation of anomalous<duct (solid arrow) and reflux 
of contrast material nto common bile duct (open 
arrow). Later radiographs showed contrast ma- 
terial emptying from the ducts into the duo- 
denum. 


Fig. 4.—Endoscopic retrograde pancreato- 
gram confirming that main pancreatic duct (solid 
arrow) communicatec with drainage tube (open 
arrow). 


Fig. 5.—Diagram shews formation of pneu- 
matoenteric recess (/omg arrow) and omental 
bursa (Curved arrow) in-vertical (top) and hori- 
zontal (bottom) sections. Recess commences as 
an invagination (short arrow) in dorsal mesogas- 
ter (stippled). It enlarges into mesentery behind 
stomach to form omente bursa (curved arrow), 
and also extends and enlarges superiorly toward 
right lung bud (long arrow). 
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As Barrett [3] points out, the persistence of the pneuma- 
toenteric recess forms a hernial sac that is paraesophageal 
and parahiatal and that is distinct from a Bochdalek hernia, 
which is the result of a persistent pleuroperitoneal canal. A 
Bochdalek hernia lies laterally and immediately in front of the 
kidney. 

The dorsal pancreas develops from a primordium in the 
caudal end of the foregut at the 5-mm stage of the embryo 
{1]. Our hypothesis is that the development of the dorsal 
pancreas and pneumatoenteric recess at the same time in 
relation to the distal end of the foregut was influenced in such 
a way that the enlarging dorsal pancreas became displaced 
into the craniaily migrating pneumatoenteric recess and ob- 
structed its eventual closure. 
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Case Report 





Hepatocellular Carcinoma: MR Appearance Mimicking 


Focal Nodular Hyperplasia 


Andrew C. Wilbur’ and Bo Gyi 


A recent study by Mattison et al. [1] showed that focal 
nodular hyperplasia of the liver may have a sufficiently con- 
sistent appearance on MF imaging to permit a distinction 
between this benign condition and malignant primary liver 
neoplasms ir most cases. These authors found that half of 
their cases cf focal nodular hyperplasia showed a central 
hyperintense scar on T2-weighted sequences, an appearance 
that differed from the hyp@intense central scar seen in two 
cases of fibrolamellar hepatocellular carcinoma. We report a 
case of hepatocellular carcinoma that mimicked the MR ap- 
pearance of focal nodular hyperplasia due to the presence of 
a stellate ceniral hyperintense region on T2-weighted images. 


Case Report 


A 58-year-cid white woman with a history of blood-transfusion 
hepatitis compiained of increasing pain in the right upper abdomen 
that had persisted for several months. Sonography revealed a large 
echogenic liver mass without a recognizabie central scar. An unen- 
hanced CT scan showed that the mass had uniform low density 
compared with that of the adjacent liver. After the administration of 
contrast matemal there was innomogeneous enhancement. Percuta- 
neous needie biopsy using senographic guidance showed hepato- 
cellular carcincma. 

Spin-echo MR imaging of the liver was then performed with a 1.5- 
T GE Signa system (General Electric, Milwaukee, WI) using 10-mm 
section thickness, two excitations, a repetition time of 2000 msec, 
and an echo time of 20 and 79 msec. The mass was predominantly 
isointense to the adjacent liversand had a well-defined, stellate central 
area that was slightly hyperiatense on first-echo images and that 


became hyperintense on T2-weighted images (Fig. 1). The periphery 
of the mass also became more hyperintense on T2-weighted images. 
No true T1-weighted sequence was performed. Subsequent open 
surgical biopsy revealed nonfibrolamelilar hepatocellular carcinoma. 
The tumor was unresectable and the patient has been treated with 
palliative chemotherapy. 


Discussion 


A central, stellate, fibrotic scar is a characteristic feature of 
hepatic focal nodular hyperplasia [2]. Hyperintensity of the 
central scar of focal nodular hyperplasia on T2-weighted MR 
images, along with hypointensity on T1-weighted imaces, may 
be due to the presence within the scar of radially oriented bile 
ducts and slowly flowing blood in vessels [1]. In contrast, 
hypointensity of a central scar on both T2- and T1-weighted 
images suggests the presence of a poorly vascularized col- 
lagenous scar, such as that seen in fibrolamellar hepatocel- 
lular carcinoma, and suggests a diagnosis other than focal 
nodular hyperplasia [1]. 

Although percutaneous needle biopsy of this tumor was 
performed before the MR scan, it is unlikely that the central 
hyperintense region was a procedural artifact because sono- 
graphic guidance was used to direct biopsy of the periphery, 
not the center, of the lesion. It is possible that the central 
hyperintensity represented an area of tumor necrosis, which 
is common in hepatocellular carcinoma. However, the com- 
position of the scarlike central stellate area in our case is 
speculative as the tumor was not resected. 
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A central scar hyperintense on T2-weighted sequences was 
only one of three MR imaging criteria considered by Mattison 
et al. [1] to be specific for focal nodular hyperplasia. The other 
criteria used to differentiate focal nodular hyperplasia from 
primary malignant tumors were (1) homogeneity of the lesion 
(except for the central scar) and (2) signal intensity similar to 
that of hepatic parenchyma, with a lesion/liver intensity ratio 
of less than 1.33. Neither of these additional criteria were 
satisfied by the lesion in our case. This case serves to point 
out the nonspecificity of a central scarlike structure, even 
when it is hyperintense on T2-weighted sequences. Imaging 
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Fig. 1.—MR scans showing mass in 
liver due to hepatocellular carcinoma. 
A, TR = 2000 msec, TE = 20 msec. B, 
TR = 2000 msec, TE = 70 msec. Lesion 
has a hyperintense stellate center that 
mimics the appearance of focal nodular 
hyperplasia (arrows). 


what appears to be a central scar cannot, by itself, be used 
to make a diagnosis of hepatic focal nodular hyperplasia. 
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MR Imaging of Splenic 
Metastases: Ferrite-Enhanced 


Detection in Rats 





Detection of intrasplenic neoplasms using sonography, CT, and scintigraphy is limited 
by poor inherent tumor-spleen contrast relative to image noise. Despite the wide range 
of contrast parameters available for MR imaging, similar limitations have been found 
with this technique. Magnetopharmaceuticals have the ability to enhance tumor-spleen 
contrast and improve lesion detectability. In this study, a rodent model of cancer 
metastasized to the spleen was used to evaluate the potential of superparemagnetic 
ferrite particles as a tissue-specific reticuloendothelial contrast agent. Other studies 
have shown ferrite to have littie or no toxicity. Without contrast material, metastatic 
adenocarcinoma of the spleen could not be distinguished from normal splenic paren- 
chyma on in vivo MR images. At a dose of 50 umol Fe/kg, the T2 relaxation time of 
spleen decreased by 77%, while tumor T2 was essentially unchanged (p < .005). 
intrasplenic tumors 4-6 mm in size became readily detectable on in vivo MR images 
after the administration of ferrite particies. Lesion conspicuity, quantitated by the tumor- 
spleen contrast-to-noise ratio, showed a 43-fold increase. 

Ferrite particles show great promise as a contrast agent to enhance the detection of 
focal splenic lesions. 


Diverse imaging techniques including splenic arteriography [1], sonography [2], 
and conventional CT [3] have been largely unsuccessful in detecting focal splenic 
lesions. The one technique that has shown promise for imaging splenic cisease is 
CT with contrast enhancement using ethiodol oil emulsion (EOQE-13), an experi- 
mental reticuloendothelial agent [4]. Unfortunately, clinical application has been 
thwarted by toxicity and side effects [4]. Technetium-labeled sulfur colloids act 
similarly as particulate agents with specificity for the reticuloendothelial system. 
However, because of limited signal-to-noise ratios and the poor spatial resolution 
inherent in scintigraphic imaging methods, their diagnostic accuracy has Deen low 
[5]. 

Similarly, unenhanced MR imaging has been unreliable in the detection of splenic 
lesions [6, 7]. Lack of T1, T2, proton-density, or chemical-shift differences as a 
source of contrast between normal splenic tissue and tumor makes the detection 
of focal lesions difficult [8]. A new approach was suggested by MR studies on 
patients with systemic iron overload in which splenic T2 relaxation tmes are 
dramatically reduced because of the increased splenic ferritin and hemosiderin 
content [9, 10]. Since tumors do not accumulate excess body iron, tumor-spleen 
contrast is improved and focal lesions are readily detected. This natural example 
of splenic contrast enhancement resembles that previously described for enhanced 
detection of liver cancer using intravenously administered ferrite particles [11]. 


Materials and Methods 


A transplantable adenocarcinoma (mammary adenocarcinoma R3230AC, EG&G Mason 
Research institute, Worcester, MA) was surgically implanted into the spleen of 18 200-250 
g adult female Fisher 344 rats (Charles River Breeders, Wilmington, MA). Tumor ‘ragments 
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(1 mm’) were implanted into the spleen with a 16-gauge needle under 
direct vision. The splenic puncture site was sutured with 6-0 Dexon 
catgut (American Cyanamid Co., Wayne, NJ) and sealed with Avitene 
(Aicon, San Juan, PR) to minimize bleeding. The abdominal wall was 
closed with 2-0 silk sutures in two continuous layers. Two animals 
died during surgery and were excluded from the study. Ten to 14 
days after surgery, four animals were imaged in vivo and 12 animals 
were used for in vitro relaxation time determinations. Fourteen 250- 
350 g Sprague-Dawley rats were used as normal control animals for 
the in vitro studies. At autopsy all 16 experimental animals showed 
a single intrasplenic tumor 4-6 mm in size. No other intrasplenic or 
intraabdominal metastases were detected at autopsy. 

Superparamagnetic ferrite particles (polymer-coated 100-nm 
Fe**,0,-Fe?*O particles) were obtained from Advanced Magnetics 
(Cambridge, MA). The term superparamagnetic [12] and the magnetic 
and biologic characteristics of ferrite particles have been described 
previously [11-17]. For in vitro studies doses of 2.5, 10, and 50 umol 
Fe/kg were administered via a tail-vein injection to three animals at 
each dose level. Three additional animals received a 1 mi 0.9% NaC! 
control injection without ferrite. For in vivo imaging after completion 
of baseline images, a dose of 50 amol Fe/kg was administered 10 
min before imaging via an indwelling tail-vein cannula without chang- 
ing the position of the animal. 

in vitro T1 and T2 values were obtained using an NMR spectrom- 
eter (PC 20 Minispec, IBM, Danbury, CT) operating at 0.47 T, 
corresponding to a proton resonance frequency of 20 MHz. T1 was 
measured by a least-squares fit to eight data points generated using 
an inversion-recovery pulse sequence. T2 was obtained from 10 data 
points generated with a Carr-Purcell-Meiboom-Gill pulse sequence. 
Forty-five minutes after IV injection of ferrite, animals were sacrificed 
by exsanguination and organs were immediately removed. T1 and 
T2 measurements were performed on spleen, tumor, liver, and muscle 
at 37°C within 1 hr after sacrifice. 

in vivo MR imaging was performed on four animals using a 0.6-T 
(25.1-MHz) Technicare imager. Images were acquired in the coronal 
plane using a spin-echo (SE) pulse sequence. TR = 500 msec and 
TE = 32 msec (SE 500/32), averaging six acquisitions and obtaining 
192 phase-encoding steps. The typical scanning time was 9.6 min. 
Slice thickness was 4 mm, and nine contiguous slices were obtained 
simultaneously. The field of view was set at 21 cm, and the image 
matrix was 192 x 256 to yield an in-plane spatial resolution of 1.1 x 
0.8 mm. 

MR images were correlated with autopsy findings in each animal 
to confirm that lesion position and size identified by MR accurately 
represented tumor. Additional quantitative analysis was performed, 
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and operator-defined regions of interest (ROI) were used to measure 
the signal intensity (S) of spleen, intrasplenic tumor, liver, muscle, and 
fat. Background image noise (N) was measured using an ROI lateral 
to the animal, displaced in the phase-encoding direction. All signal 
intensity measurements were standardized to the background noise 
(S/N). Contrast between the spleen and the splenic tumor was 
calculated as the tumor-spleen signal difference normalized to back- 
ground noise: C/N = (Sumo — Sspieen)/N. C/N is an effective parameter 
for quantitating MR pulse sequence performance, and the absolute 
magnitude of C/N, designated as | +C/N | , correlates with lesion 
detectability [8]. Negative C/N values indicate relatively hypointense 
(dark) pathology and positive C/N values indicate relatively hyperin- 
tense (bright) pathology. Values near zero denote isointensity. 


Results 
In Vitro Studies 


implantation of tumor and subsequent tumor growth did 
not alter the T1 or T2 relaxation times of adjacent splenic 
tissue (Table 1). The tumor line used in this study differed 
from the average human tumor [8] in having longer relaxation 
times than spleen. These baseline contrast data serve as 
reference values for evaluating efficacy of exogenously ad- 
ministered contrast agent. Ferrite particles (50 mol Fe/kg) 
decreased the T2 relaxation times of normal spleen and liver 
by 77% and 62%, respectively (p < .005). In the tumor- 
bearing animals the decrease in T2 was 77% for spleen and 
67% for liver (p < .005). Intrasplenic tumor showed a T2 
decrease of only 2% (not significant). In animals with tumors, 
T1 also decreased, by 71% in the spleen and 42% in the liver. 
T1 and T2 relaxation times for muscle were not significantly 
changed. 

Varying the ferrite dose from 50 to either 10 or 2.5 umol 
Fe/kg revealed a linear correlation between dose and the 1/ 
T2 relaxation rates of splenic tissue (Fig. 1). The T2 of splenic 
tumor did not change over this dose range, and therefore the 
tumor-spleen T2 difference was maximized at the highest 
ferrite dose studied. These in vitro data confirm a tissue- 
specific biodistribution of ferrites with exclusion by tumor and 
other nonreticuloendothelial tissues. 


TABLE 1: In Vitro Relaxation Times’ for Different Tissues of Normal Control Animals and 


Tumor-Bearing Animals 


Relaxation Times for 


Spleen Tumor Liver Muscle 
Normal animals 
Control Ti 542 +60 — 293 +26 593 +47 
n=9 T2 46.8 + 29 — 29.3+ 3.3 38.14 4.1 
Ferrite T1 142+ 7 — 171 +12 576 +36 
=5 T2 10.7+ 15 — Tia 12 35.7+ 49 
Tumor-bearing animals 
Control T1 512 +685 848 +30 316 +20 621 +45 
n=3 T2 49.i+ 19 83.0+ 0.3 31.0+ 1.5 413+ 4.1 
Ferrite T1 150 + 8 821 +13 182 +16 586 + 27 
n=3 T2 IRE 18 81.6 + 3.7 10.1 + 09 37.4 + 4.6 


OVVORA OSO 


Note.—Contro! = without contrast agent; ferrite = after injection of 50 umo! Fe/kg. Dash = no data. 


e msec + standard deviation. 
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In Vivo Imaging 


Normal spleens were seen lateral to the stomach and had 
a craniocaudal orientation (Fig. 2). After administration of 
ferrite, the signal intensity of spleen decreased markedly and 
normal spleens appeared as hypointense as background. 

Signal-to-naise values for spleen and tumor overlap on 
precontrast images (Table 2), reflecting the low contrast-to- 
noise ratio and poor conspicuity of splenic tumor (Fig. 3). This 
experimental finding is consistent with previous clinical stud- 
ies and shows little variation with different pulse sequences 
[7, 8]. After the administration of ferrite the signal intensity of 
spleen decreased by 88%, while the tumor signal-to-noise 
ratio decreased by only 6%. Tumor-spleen contrast as as- 
sessed by the contrast-to-noise ratio was 0.5 + 0.1 on 
precontrast images, increasing 43-fold after administration of 
ferrite. Intrasplenic tumor was easily detected on ferrite-en- 


SPLEEN 


SPLENIC TUMOR 


1/T2 RELAXATION RATE [1/sec] 





0 10 30 50 
DOSE [umol Fe/kg] 


Fig. 1.—Transverse relaxation rates (1/T2) for spleen and intrasplenic 
tumor after administration of varying doses of ferrite (n = 3 at each data 
point). 


Fig. 2.—Coronal image (SE 500/32) of a nor- 
mal control animal before (A) and after (B) ad- 
ministration of ferrite. There is a profound signal 
loss of normal liver (L) and spleen (solid arrow) 
after administration of ferrite. Stomach is iden- 
tified by open cunved arrow. 
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hanced MR images. In all four animals splenic tumors were 
seen on the ferrite-enhanced image only. 


Discussion 


MR contrast agents are most effective when they possess 
a large magnetic effect, have a tissue-specific biodistribution, 
and cause little or no toxicity. Tumor-organ contrast is most 
efficiently increased when a contrast agent is specifically 
distributed to either tumor or the surrounding organ, but not 
both. Commonly used perfusion agents such as Gd-DTPA or 
iodinated radiographic compounds show a nonspecific distri- 
bution and are not useful for the detection of splenic disease. 
Particulate reticuloendothelial tissue specific agents have 
shown promise for enhanced detection of liver cancer [11]. 

Particulate contrast agents are selectively phagocytosed 
by fixed macrophages of normal spleen, lymph nodes, bone 
marrow, and liver tissue. Tumors metastasized to the spleen 
do not contain fixed macrophages and therefore cannot phag- 
ocytose particles. This mechanism of tissue-specific contrast 
enhancement has previously been exploited in sulphur colloid 
scintigraphy [5] and contrast-enhanced CT using ethiodol oil 
emulsion (EOE-13) [4], perfluorooctylbromide (PFOB) [18], or 
radiopaque liposomes [19]. In one study EOE-13 enhance- 


TABLE 2: In vivo MR Image (SE 500/32) Signal-to-Noise Values 
for Different Tissues Before and After Administration of Ferrite 
Particles (n = 4) 





Signal-to-Noise Values for 


Spleen Tumor Liver Muscle 
Contal 258209 263208 213221 16921,1 
Ferrite 31204 24822.1 22205 472086 





Note.—Before ferrite administration, spleen and tumor signal-to-noise ratios 
were indistinguishable (p > .1). After administration of 50 „mol Fe/kg of ferrite, 
the signal-to-noise ratio of spleen was significantly (p < .005) less than that of 
tumor. 
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ment increased the sensitivity of CT for detection of focal 
splenic lymphoma by from 8% to 92% [4]. 

Particulate MR contrast agents can be prepared with con- 
ventional paramagnetic materials that predominantly act to 
reduce T1, increasing the signal intensity of the spleen. This 
group of agents includes manganese sulfide colloid [20], 
gadolinium oxide [21], gadolinium-DTPA containing dextran 
microspheres [22], and liposomes containing paramagnetic 
ions such as gadolinium [23] or manganese [24]. For all of 
these drugs, either they are very toxic [20, 21] or their toxicity 
has not been fully studied [23, 24]. A second group of 
materials acts to reduce primarily T2. This group consists of 
superparamagnetic ferrite particles with varying chemical and 
physical properties [11-17]. Unlike conventional paramag- 
netic contrast agents, ferrite particles show no significant 
toxicity at 50-100 times the effective dose [17]. Furthermore, 
certain preparations of ferrite particles are biodegradable 
[16]. 

Our results show that tumor-spleen contrast is increased 
43-fold by IV administration of ferrites. Detectability of focal 
intrasplenic lesions is dramatically improved by increasing 
contrast-to-noise ratios. As lesion detectability correlates with 
the absolute magnitude of contrast-to-noise ratios [8], admin- 
istration of ferrite is expected to decrease the threshold at 
which lesions become visible and improve the overall diag- 
nostic accuracy of MR imaging. Approximately one-third of 
all splenic metastases occur as only microscopically detecta- 
ble tumor implants [25], and in 23% of splenic Hodgkin 
disease the tumor is present in its micronodular form (2-7 
mm). Our results suggest that ferrite-ennhanced MR may be 
able to detect intrasplenic tumors in the millimeter size range. 
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Fig. 3.—Coronal image (SE 500/32) of 
tumor-bearing animal before (A) and 
after (B) administration of ferrite. Note 
poor precontrast tumor-spleen contrast 
(solid arrow), which does not allow de- 
tection of intrasplenic mass. Administra- 
tion of ferrite increases tumor-spleen 
contrast 43-fold; normal splenic tissue is 
seen as a dark rim surrounding tumor. 
Liver = L; stomach = open curved arrow. 
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Case Report 








Splenic Trauma: False-Negative CT Diagnosis in Cases of 


Delayed Rupture 


Diane Pappas,' Stuart E. Mirvis,' and J. Thomas Crepps? 


The value cf CT in detecting splenic injury has been well 
established [1-5]. Initial experience has suggested that a 
normal CT scan after abdominal trauma virtually excludes 
injury of clinical significamce and might therefore permit a 
decreased period of hospital observation [1]. Recently, within 
a 12-month period, we examined three patients who had 
normal high-quality abdominal CT studies immediately after 
blunt abdominal trauma, all of whom went on to manifest 
splenic injury documented by repeat CT examination after 
onset of clinical symptoms. 


Case Report 


A 48-year-olc man was involved in a motor vehicle accident and 
suffered blunt decelerating thoracic injury. On admission to the Uni- 
versity of Maryland Shock Trauma Center, he complained of moder- 
ate right upper abdominal pain. Physical examination revealed ecchy- 
moses and tenderness over the right lower chest and right upper 
abdomen. Superficial abrasions were present over the left lower 
abdomen. Periteneal lavage was not performed. A CT study of the 
abdomen was ebtained using a GE 9800 scanner. The patient re- 
ceived oral contrast (120 mi of 1% oral diatrizoate sodium in two 
divided doses 1 hr before and immediately before the CT study) and 
IV contrast material (a 50-mi bolus of 60% diatrizoate meglumine), 
followed by a rapid IV drip of 30% diatrizoate meglumine. The scan 
was interpreted as normal ig. 1A). On admission, the patient’s 
hematocrit was 49%; after IV fluids were given, it dropped to 44%. 

The patient was discharged to home care the following day and 
remained well until the third day, when he experienced sudden left 
lower quadrant pain radiating to the back and left shoulder. Following 
two syncopal episodes he returned to the hospital by ambulance. 
Blood pressure en route was 80 mm Hg systolic. After IV fluid 
resuscitation the patient's blood pressure had stabilized at 120/70 
mm Hg at the time of readmission. The admission hematocrit was 
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35%, with a further decrease to 32% with continued IV fluid. Æchest 
radiograph showed development of a moderate-sized left pleural 
effusion. A repeat abdominal CT study using the same protccol as 
that described above showed an enlarged spleen, with layers of 
liquified and partially clotted subcapsular hematoma. Hemorrhagic 
ascites was noted around the liver (Fig. 1B). The patient was managed 
without surgery and a repeat CT study 12 days later showed a mild 
increase in the quantity of subcapsular hemorrhagic fluid, but com- 
plete resolution of hemorrhagic ascites. 

The patient was discharged on the 14th hospital day with instruc- 
tions to limit strenuous physical activity. A further follow-up CT study 
obtained 1 month after he was discharged revealed persistence of a 
large subcapsular fluid collection, with resolution of high-density 
clotted blood and a thickened splenic capsule. The patient has since 
remained clinically well. 


Discussion 


Previous experience with CT in the evaluation of blunt 
abdominal trauma has suggested 100% sensitivity in diag- 
nosing splenic injury [1, 5]. However, Fabian et al. [6] reported 
four patients with splenic injuries who required splenectomy 
or splenorrhaphy with normal initial CT interpretations from a 
prospective study of 91 patients undergoing both CT and 
peritoneal lavage after blunt abdominal trauma. Within the 
past year, two other patients at our institution devesoped 
delayed subcapsular splenic hemorrhages after initial post- 
trauma CT studies that were interpreted as normal (Figs. 2 
and 3). In two previous reports [7, 8], initial CT studies of 
high technical quality showed no evidence of morphelogic 
abnormality of the spleen with subsequent develooment of 
gross pathology. 

On initial presentation, there may be a fracture of the spleen 
with minimal or no hemorrhage. A distinct fracture line there- 
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fore would not be visible even after a contrast-enhanced high- 
resolution CT study using optimal scan techniques. Such 
injuries may present later after onset of bleeding, which would 
then cause the so-called hyperosmolar effect, producing ex- 
pansion with tearing of the splenic tissue. Selective splenic 
angiography and initial diagnostic peritoneal lavage might also 
be negative in patients who later manifest splenic injury [2]. 

In general, we have found contrast-enhanced abdominal 
CT to be highly accurate in the assessment of splenic injury 
after trauma. During the 12-month period in which our three 
patients presented, over 240 abdominal CT scans were per- 
formed for assessment of blunt abdominal trauma. Further 
study with large populations of victims of blunt abdominal 
trauma will be required to identify appropriate clinical signs 
that may represent risk factors for delayed manifestation of 
splenic injury. The three patients encountered in our recent 
experience and those previous reported cases suggest that 
splenic injury may rarely evade both clinical detection and 
demonstration by high-quality CT study in the immediate 
posttrauma period. 





Fig. 1.—CT scan shows delayed 
splenic rupture. 

A, Initial abdominal CT scan after 
blunt decelerating trauma. Scan was 
interpreted as negative. 

B, After development of abdominal 
pain and hypotension 3 days after initial 
scan, a repeat CT shows an intra- 
splenic rupture with a large subcapsu- 
lar hematoma (solid arrows) containing 
partially clotted and liquefied blood. A 
large amount of hemorrhagic ascites is 
present around the liver (open arrows). 


Fig. 2.—CT scan shows delayed 
splenic rupture. 

A, Abdominal CT scan obtained in a 
70-year-old woman who was involved 
in a motor vehicle accident. Scan was 
interpreted as negative. 

B, Repeat abdominal CT scan ob- 
tained 3 weeks later to investigate a 
left hepatic lesion noted by sonogra- 
phy. Decrease in hematocrit revealed 
intrasplenic and subcapsular hemor- 
rhage (arrows). Large, low-attenuation 
mass present in left hepatic lobe was 
thought to represent a delayed subcap- 
sular hepatic hematoma (arrowheads). 


Fig. 3.—Delayed splenic hemor- 
rhage after negative initial CT. 

A, Initial contrast-enhanced abdom- 
inal CT in a 30-year-old man thrown 
from a van during a motor vehicle ac- 
cident. Scan was interpreted as normal. 

B, 1 month later, patient received IV 
heparin for treatment of deep venous 
thrombosis. Hypotension and sudden 
hematocrit drop led to repeat abdomi- 
nal CT, which revealed large mixed at- 
tenuation subcapsular splenic hema- 
toma (solid arrows) and hemoperito- 
neum (open arrows). 
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Case Report 





Esophageal Mucocele After Surgical Isolation of the 


Esophagus 


Marc F. Glickstein,’ Warren B. Gefter,' David Low,” and Larry W. Stephenson’? 


Surgical interruption of esophageal continuity with the gas- 
trointestinal tract has been performed for the treatment of 
esophageal tumor, trauma, and caustic stricture [1, 2]. The 
esophagus is divided proximally and distally, and gastrointes- 
tinal continuity is reestablished by creating a substernal gas- 
tric interposition. Esophageal bypass may be done because 
of medical or surgical contraindications to definitive resection 
or as a temporizing maneuver with the expectation of later 
reanastomosis. In most instances, the procedure is palliative 
and has as its goal the relief of dysphagia and prevention of 
persistent aspiration. 

Surgical isolation of the thoracic esophagus is associated 
with a high-complication rate [3] and results in the develop- 
ment of a secretion-filled closed segment termed a “muco- 
cele” [4]. Such a mucocele rarely enlarges enough to become 
symptomatic. 

We describe the clinical and radiologic findings in two 
patients who underwent esophageal isolation, one for benign 
disease and the other for malignant disease. These cases are 
reported to describe the esophageal mucocele and to illus- 
trate contributions of CT and MR in evaluating these patients. 


Case Reports 
Case 1 


A 67-year-old man presented with chest pain, fever, right pleural 
effusion, and a right hilar mass. A barium swallow showed a trache- 
oesophageal (T-E) fistula. 

Bronchoscopy, esophagoscopy, and right thoracotomy failed to 
yield evidence of tumor. The cervical esophagus was then divided 
above the fistula, with the proximal end as an esophagostomy and 
the distal end oversewn. After this procedure the patient deteriorated 
rapidly because of massive reflux of gastric contents into the distal 
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esophagus and lung through the T-E fistula. This necessitated com- 
plete esophageal interruption at the gastroesophageal junction to 
prevent communication of the stomach with the T-E fistu'a (Fig. 1). 
Three months later the patient underwent a substernal gastric bypass 
operation that restored continuity with his proximal esophagus and 
stomach. A chest radiograph at that time was unremarkable except 
for evidence of previous surgery. 





Ñ 1j 


Fig. 1.—Diagram of surgical procedure (frontal and lateral views) show- 
ing isolated esophagus posteriorly with substernal gastric pull-through 
anteriorly. 
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Fig. 2.—Case 1. 





A, Chest radiograph made 4 years after surgical isolation of esophagus shows a mediastinal mass (white arrows). An air-fluid level is present on left 


(black arrow). 


B, CT at level of carina. Esophageal mucocele (arrow) accounts for right-sided upper mediastinal mass seen on chest radiograph. Substernal gastric 


pull-through accounts for mediastinal mass on left side. 


C, Coronal T2-weighted (TR 2500/TE 60) MR image shows large fluid-filled esophageal mucocele (arrows). Fluid content of mucocele is confirmed by 


its high intensity signal. 


The patient presented 4 years later for an unrelated problem and 
was noted to have a mediastinal mass (Fig. 2A). A CT scan (Fig. 2B) 
showed a dilated, fluid-filled, isolated esophagus. MR (Fig. 2C) delin- 
eated the entire extent of this large mucocele, and signal intensities 
confirmed its fluid nature. 


Case 2 


A 74-year-old man presented with dysphagia. An upper gastroin- 
testinal study revealed a 3-cm midesophageal lesion consistent with 
carcinoma. At surgery, lymph node metastases in the supraclavicular 
and esophageal hiatal regions were seen as well as local extension 
of tumor into the mediastinum and great vessels. Because of these 
findings, resection was deferred and esophageal exclusion with a 
substernal gastric interposition was performed. A CT scan obtained 
approximately 3 weeks after surgery showed an esophageal muco- 
cele 3.5 cm in diameter at the level of the carina. The patient is alive 
and well 5 months after surgery. 


Discussion 


The value of surgical isolation of the esophagus is based 
on the fact that malignant disease may be too extensive to 
allow definitive resection or that benign disease may be 
treated by temporary bypass, allowing reestablishment of 
continuity of the gastrointestinal tract at a later date. Compli- 
cations occur in up to 60% of patients after the procedure 
and include anastomotic leaks, disruptions of the divided 
distal esophagus [3], development of a fistula [5], and infec- 
tion [6]. Surgical esophageal exclusion involves dividing the 
proximal and distal thoracic esophagus and ligating the iso- 
lated thoracic segment. The stomach is then mobilized and 
transposed cephalad via a substernal tunnel to be anasto- 
mosed with the remaining proximal esophagus, thereby es- 
tablishing continuity in the gastrointestinal tract (Fig. 1). 

The isolated segment of the esophagus has been shown 
in a dog model [5] to become a mucocele, a closed, cystic 
structure filled with proteinaceous secretions. The ultimate 
size of the mucocele may be limited by intraluminal pressure, 
which, at increased levels, results in atrophy of the submu- 


cosal glands. Of 38 patients with esophageal exclusion 
scanned by Mannell and Epstein [5], the mean transverse 
diameter was 4 cm (range, 1-6 cm) and the mean length was 
6.5 cm (range, 1.5-14 cm). Mucoceles were observed to exist 
within the first 2 months after surgery. In patients who re- 
ceived serial scans, the size of the mucocele did not change 
with time, in contrast to our first patient, who showed pro- 
gressive enlargement of his mucocele. Long-term follow-up 
often is not available since most patients who receive this 
operation for malignant disease die relatively soon after sur- 
gery. 

Evaluation of patients with an isolated esophagus may be 
difficult. The esophageal portion may or may not be visible on 
plain chest radiographs. Air-fluid levels are absent, and the 
excluded portion of the esophagus does not fill with barium. 
Alternatively, the cystic mucocele may enlarge, producing a 
mediastinal mass that could be mistaken for tumor, as was 
the case in our first patient. CT and MR are helpful in the 
postoperative evaluation of patients with this problem. The 
location and size of the excluded esophageal segment can 
be assessed and associated complications identified. In par- 
ticular, coronal or sagittal MR images may delineate clearly 
the entire extent of the excluded esophagus and outline its 
relationship to adjacent mediastinal structures. 
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Sonographic Diagnosis of 
Neutropenic Typhlitis 





Five immunosuppressed patients with neutropenic typhlitis were studied with sonog- 
raphy. In four, sonography was the imaging technique that first suggested the diagnosis. 
in each case, sonography showed thickening of the right colon wall (1-2.5 cm) with low- 
or high-level echoes. Serial sonograms were used to monitor the daily progress of the 
disease in two patients. 

Sonography appears to be a useful tool not only to detect typhlitis in patients with 
symptoms suggestive of the disease, but also to follow their clinical course. 


Neutropenic typhlitis is a necrotizing enteropathy of the right colon that develops 
in the setting of severe neutropenia [1]. It most commonly occurs in leukemic 
children undergoing chemotherapy, but has also been reported in immunosup- 
pressed adults with leukemia or lymphoma, in patients with aplastic anemia or 
cyclic neutropenia, and in renal transplant patients [1-3]. Although the reported 
mortality rate is high [3] and signs and symptoms often can be confusing and 
nonspecific, recent evidence suggests that early recognition and appropriate sur- 
gical intervention improve outcome [4, 5]. We wish to report five cases of typhlitis 
Studied with sonography and to discuss the role of sonography in diagnosing and 
following the course of this disease. 


Subjects and Methods 


Between February 1984 and November 1986, five patients with neutropenic typhlitis were 
examined by sonography. Ail patients were men 22 to 55 years old. Four of the patients had 
leukemia (two had acute lymphocytic leukemia, one had acute myelogenous leukemia, and 
one had chronic myelogenous leukemia), and one had a myelodysplastic syndrome. At the 
time of diagnosis, two patients were receiving chemotherapy and three had recently under- 
gone bone marrow transplantation. All of the patients presented with fever. Over the next 
1-4 days, all developed nausea or vomiting, generalized abdominal pain that localized to the 
right lower quadrant, and watery or bloody diarrhea. The WBC count in all cases was <1000 
cells/ml at the time of presentation. 

All five patients were evaluated with real-time sonography. In four cases, it was the imaging 
technique that first suggested the diagnosis. Subsequently, two of the patients were followed 
with serial sonographic studies. In one patient the abnormality was identified first by CT. 

The diagnosis of neutropenic typhlitis was confirmed at surgery in two patients (both of 
whom subsequently died) and at autopsy in one patient. It was based on clinical history and 
course, signs and symptoms, and sonographic or CT findings in two patients. 


Results 


Sonography showed wall thickening in all five patients. This involved the cecum 
and ascending colon, and ranged from 1 to 2.5 cm (normal < 3 mm). The echo 
texture of the bowel wall was homogeneous in all patients, with high-level echoes 
seen in three cases (Fig. 1) and low-level echoes seen in two cases (Fig. 2). 
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Histologic findings did not explain this variation. Serial sono- 
graphic studies documented a gradual decrease in bowel-wall 
thickness in two patients, who eventually recovered. One 
patient had both a CT scan and a sonographic study. Both 
showed thickening of the right colon wall. 


Discussion 


Neutropenic typhlitis is a necrotizing process that occurs in 
severely neutropenic patients [1]. It has a mortality rate of 
50% to 100% [3]. The prevalence of typhlitis reported in the 
literature varies. Moir et al. [6] reported a prevalence of 7% 
on the basis of a series of 155 leukemic patients receiving 
chemotherapy, while Shamberger et al. [3] noted a prevalence 
of 32% after chemotherapy in 77 patients with acute mye- 
logenous leukemia. 

The clinical picture of neutropenic typhlitis may be confusing 
as the symptoms and signs are nonspecific. Usually, its onset 
is characterized by fever, nausea and vomiting, abdominal 
pain and tenderness that frequently localizes to the right lower 
quadrant, and watery or bloody diarrhea [6]. Appendicitis, a 
ruptured viscus, or toxic side effects from chemotherapeutic 
agents are frequent misdiagnoses. Other entities that may 
mimic typhlitis clinically include pseudomembranous colitis, 
ischemic colitis, intussusception from a neoplastic mass in 
the bowel wall, lymphomatous or leukemic infiltration of the 
bowel wall, and small-bowel obstruction [7, 8]. 

Proposed predisposing factors for the development of 
typhlitis include severe neutropenia and cytotoxic drug-in- 
duced ileus. Bowel ileus may lead to cecal stasis, distension, 
and ischemia with subsequent mucosal ulceration and bac- 
terial invasion [5]. Certain chemotherapeutic agents have 
been directly implicated in producing mucosal epithelial cell 
necrosis [3]. 

The histopathologic findings of neutropenic typhlitis are 
usually limited to the terminal ileum, cecum, and ascending 
colon. Findings include mucosal and submucosal necrosis 
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Fig. 1.—55-year-old man with a my- 
elodysplastic syndrome developed ty- 
phlitis while undergoing systemic 
chemotherapy. Transverse sono- 
graphic scan shows thick-walled (2.5- 
cm) hypoechoic cecum (arrow). 


Fig. 2.—36-year-old man with acute 
lymphoblastic leukemia who devel- 
oped typhlitis 5 days after completion 
of induction therapy in preparation for 
bone marrow transplantation. Sagittal 
sonographic scan shows thick-walled 
(1.2-cm) hyperechoic cecum and as- 
cending colon (arrow). 


accompanied by bacterial invasion, marked intramural edema, 
and hemorrhage. Because of the absence of a granulocytic 
response, intestinal necrosis may progress resulting in bowel- 
wall perforation [2, 4]. 

The radiographic appearance of neutropenic typhlitis has 
been described by several authors [7-10]. Plain films may 
show an ill-defined right lower quadrant soft-tissue mass 
representing the fluid-filled, dilated, atonic cecum and ascend- 
ing colon; thumb-printing of the ascending colon; and mild 
distension of the distal ileum [9]. While these findings may 
suggest the diagnosis of typhlitis, usually additional studies 
are needed. Barium enema may show loss of normal colonic 
haustral markings, rigidity, and thumb-printing, but it is con- 
traindicated when abdominal rebound tenderness or dilatation 
of the descending colon is present [8]. 

Recently, the value of CT in diagnosing typhlitis has been 
reported. CT may show diffuse thickening of the cecum and 
ascending colon wall, localized extraluminal fluid collections, 
thickening of adjacent fascial planes, and mild distension of 
the distal ileum [7, 10]. The use of sonography in diagnosing 
and following patients with typhlitis has not been previously 
described. We found sonography to be a rapid, noninvasive, 
mobile means of examining these patients in the intensive 
care setting. Using gentle but firm compression with the 
transducer, we could see clearly the thick-walled cecum and 
ascending colon in all five cases. Sonography was useful in 
monitoring the progress of two patients. 

Although the mortality rate associated with typhlitis is high, 
survival depends on prompt recognition of the condition, 
appropriate surgical intervention, and return of normal circu- 
lating neutrophils [4]. Although surgical intervention itself is 
controversial, some authors agree that cecal perforation, 
abscess formation, massive gastrointestinal bleeding, uncon- 
trolled sepsis, and obstruction are indications for surgery [3, 
6]. Close follow-up of patients with sonography may result in 
earlier detection of some of these complications. 

We believe that sonography is a useful tool that may 
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suggest the ciagnosis of typhlitis in the appropriate clinical 
setting. Furthermore, it may be used to follow patients either 
for signs that would lead to surgical intervention or for bowel- 
wall changes suggestive of resolution in patients managed 
medically. 
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Reviews 





Operative Ultrasound of the Liver and Biliary Ducts. By Henri Bismuth and Denis Castaing. New York: Springer- 


Verlag, 89 pp., 1987. $39 


| really enjoyed reviewing this concise, well-organized book, which 
deais mostly with the subject of the need for and the help that 
ultrasound provides to the surgeons in the surgical treatment of 
oncologic lesions of the liver and bile ducts, as well as, to some 
extent, other nonneoplastic lesions of the gallbladder, bile ducts, and 
portal hypertension. The illustrations are of superb quality, and the 
excellent drawings are a great help to the neophyte in interpreting 
the illustrations. 

lam committed unconditionally to the idea that the field of operative 
ultrasonography soon will become so popularized that ultrasound will 


form an integral part of the auxiliary equipment in the surgical suites. 
That is why, although this book was written primarily with the idea 
that it be used by surgeons, | also recommend that it be purchased 
by ultrasonologists and ultrasonographers who will benefit from the 
knowledge of the vascular anatomy and segmental surgical division 
of the liver so beautifully depicted in chapter 2. 


Carlos J. Reynes 
Loyola University Medical Center 
Maywood, IL 60153 


Contrast Media in Pediatric Radiology. Workshop Berlin, August 22-24, 1985. Edited by H. J. Kaufmann. New 


York: Karger, 119 pp., 1987. $40 


This book represents the proceedings of a workshop on contrast 
media in pediatric radiology conducted in Berlin, August 22-24, 1985. 
Almost all aspects of contrast media are covered, some in more detail 
than others. Many of the presentations take the form of formal papers; 
others are merely discussions among the various participants. There 
is nothing new in the presentations, but the information is up-to-date. 
The book obviously was not intended for general reading, but if the 
reader is intensely interested in contrast media and associated prob- 


lems, then this report contains useful information. The price is not 
prohibitive, but even with this factor, the book will have a select 
audience. 


L. Swischuk 
University of Texas Medical Branch 
Galveston, TX 77550 
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Case Report 





Strangulation of the Colon Caused by an Intestinal 


Dec 


Mark T. Yəshino' and Richard R. Boyle, Jr. 





intestinabdecompressien tubes are associated with a vari- 
ety of complications including knot formation, bowel perfora- 
tion, intussusception, mercury toxicity, and obstruction 
[1-6]. This: report adds colonic strangulation to the list of 
complications and illustrates an appearance on plain abdom- 
inal radiographs that suggests the diagnosis. 


Case Repcrt 


The patient, a 70-year-olc man, presented with a 1-day history of 
abdominal pair and distensien. Abdominal radiographs revealed mul- 
tiple dilated lacps of small bewel with unequal air fluid levels. Colonic 
gas was mirena!. A Cantor tube (Becton-Dickenson, Parsippany, NJ) 
was placed and the patient was managed conservatively. When the 
patient failec to improve, a ‘aparotomy was performed and showed 
small bowel ebstruction caused by multiple adhesions. The adhesions 
had been caused by previous aortobifemoral-bypass graft surgery. 
There was mo evidence of Dowel ischemia. The Cantor tube was 
advanced to the distal iium. The patient had a difficult postoperative 
course. but by 5 days after surgery his abdomen was soft and 
nontender. Oral feedings were begun. Nine days after surgery, ten- 
sion was placed on the Cantor tube in order to withdraw it 6 in. (15 
cm) every 4 ar. The plain abdominal radiograph obtained at this time 
(Fig. 1A) waz unremarkable. For the first 2 days removal of the tube 
proceeded smoothly. However, on the third day mild resistance was 
encounierecesuch that each time the tube was withdrawn 6 in. (15 
cm), it retracted 3-4 in. (8-19 cm) back into the patient, unless it had 
been secured to the patient's face. Over the next 6 days the tube 
was withdrawn progressively. On the sixth day after resistance was 
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mpression Tube: Radiographic Findings 


met upon withdrawal of the tube, the patient experienced abdominal 
pain and distension. Bowel gas sounds were diminished. A plain 
abdominal radiograph was obtained (Fig. 1B) and was interpreted as 
showing interval withdrawal of the Cantor tube and gaseous disten- 
sion of the distal mercury-containing balloon, without signs.of obstruc- 
tion. A CT scan performed the same day (not shown) corfirmed that 
the Cantor tube was intraluminal throughout its course and showed 
that the dilated balloon tip was in the sigmoid colon. Reexploration 
revealed pancolonic infarction and multiple areas of small bowel 
ischemic necrosis. The Cantor tube firmly cinched the mesenteric 
border of the colon into an inverted U shape. Individual sacculations 
were tightly opposed, giving the appearance of a purse-str'ng ligature. 
The sigmoid colon was acutely angulated and narrowed by extensive 
pelvic adhesions. These prevented the distended balloon from being 
withdrawn back through the narrowed colon. Colectomy and exten- 
sive small bowel resection with lysis of adhesions were performed. 
intraoperative and pathologic examination of the colon showed no 
intraluminal masses or macroscopic occlusions of the mesenteric 
vessels. After the second laparotomy, the patient developed sepsis, 
congestive heart failure, renal failure, and lower extremity emboli; he 
died 6 days after surgery. 


Discussion 


Long-tube decompression therapy for small bowel obstruc- 
tion has become increasingly popular [7]; however, published 
reports of complications due to intestinal intubatior: are infre- 
quent. Shub et al. [3] detailed four cases of intussusception 
associated with the use of over 2000 intestinal tubes. Rarely, 
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knot formation [1, 2], mercury intoxication due to balloon 
rupture [6], pressure necrosis of bowel wall, or obstruction 
due to gaseous distension of the distal balloon [5] have been 
reported. While “telescoping” of the small bowel upon an 
intraluminal decompression tube is not infrequently seen at 
surgery [3], only two cases have been reported in which this 
foreshortening and retraction of the small bowel over an 
intestinal tube has led to signs of obstruction [8]. 

Gaseous distension of the mercury-containing distal balloon 
(Fig. 1B) developed in our patient after nearly 2 weeks of 
intestinal intubation. This was thought to be caused by diffu- 
sion of intraluminal intestinal gas across the semipermeable 
membrane formed by the rubber balloon itself [5]. Because 
the distended balloon was located distal to multiple areas of 
sigmoid narrowing, caused by adhesions, it was fixed in the 
pelvis and could not be withdrawn retrograde into the de- 
scending colon. Thus, when traction was applied at the 
patient's nose, the effect was to tightly cinch the mesenteric 
border of the bowel and firmly compress each sacculation 
upon its neighbor, thereby compromising the thin-walled vasa 
recta veins and producing ischemia. 

In retrospect, greater significance should have been placed 
on the fixation of the distended balloon in the pelvis and 
resultant inverted U-shaped configuration of the Cantor tube 
when withdrawal was attempted. The usual signs of colonic 
ischemia—edema of the valvulae conniventes, thumb-print- 
ing, pneumatosis intestinalis, and mesenteric or portal gas— 
were not present on the plain abdominal radiographs, and 
thus ischemia itself could not be diagnosed. However, an 
inverted U-shaped configuration of the Cantor tube with fixa- 
tion of its distended distal tip in the pelvis upon withdrawal is 
a most unusual constellation of findings, and should raise the 
question of possible vascular compromise of the colon, es- 
pecially in light of significant resistance to retrograde removal 
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Fig. 1.—A, Plain abdominal radi- 
ograph made 9 days after Cantor tube 
placement, but just before withdrawal 
was begun, shows no gas in the mer- 
Cury-containing balloon. From its distal 
tip to where it crosses the left 12th rib, 
tube measures 212 cm. 

B, Plain abdominal radiograph made 
after 8 days of traction on the Cantor 
tube shows that tube has decreased in 
length to 138 cm and taken on an in- 
verted U shape conforming to colonic 
mesentery. Note that there is now gas 
(arrows) in the balloon. 


of the tube. In cases with radiographic findings such as these, 
traction should be discontinued and the Cantor tube advanced 
back into the patient. The tube can be cut off above and 
allowed to pass spontaneously via the rectum, or it can be 
colonoscopically extracted. If the distal balloon impedes re- 
moval of the tube, it can be decompressed percutaneously 
or via a colonoscope [5]. 

This case demonstrates two complications of Cantor tube 
intestinal decompression: gaseous distension of the distal 
balloon and colonic strangulation. Gaseous dilatation of the 
balloon may lead to either obstruction or entrapment of the 
tube tip beyond narrowed areas of bowel. When interval 
withdrawal of a Cantor tube with dilated distal balloon pro- 
duces progressive tightening of an inverted U-shaped central 
loop of tube without motion of the distal tip, traction upon the 
colonic mesentery with possible resultant ischemia should be 
strongly considered and corrective measures taken. 
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Subchorionic Hemorrhage: 
Sonographic Diagnosis and Clinical 
Significance 





Twenty-one pregnancies with sonographic evidence of subchorionic hemorrhage 
were evaluated clinically and sonographically. Clinical evaluation included maternal age, 
gravidity, parity, gestational age, presence of pain, presence and amount of bleeding, 
and pregnancy outcome. Sonographic evaluation included the relative and absolute size 
of the hematoma, its echogenicity and location in relation to the placenta, the presence 
of marginal placental abruption, and progress on follow-up examinations. The outcome 
of these pregnancies was unfavorable in 15 cases (71%) and correlated well with the 
relative and absolute size of the hematoma, severity of vaginal bleeding, change in 
hematoma size on follow-up examination, and presence of pain. There was no significant 
correlation between the outcome and the echogenicity of the hematoma, presence of 
placental margin elevation, gestational and maternal age, gravidity, or parity. All hema- 
tomas extended to the margin of the placenta. 

Subchorionic hemorrhage is a frequent cause of first and second trimester bleeding 
and has a grave prognosis. Familiarity with the varied sonographic appearances and 
meticulous sonographic examination with special attention to the placental margins can 
be helpful in the diagnosis. 


Vaginal bleeding affects 25% of all women during the first half of pregnancy. 
About half of these terminate in abortion [1, 2]. Sonography has been instrumental 
in identifying several conditions that lead to bleeding at this stage of pregnancy 
such as blighted ovum; blighted twin; incomplete, missed, and threatenec abortion; 
and placenta previa [3]. Recently, subchorionic hemorrhage, caused by marginal 
placental abruption, has been recognized as a frequent cause of bleeding in the 
first 20 weeks of pregnancy [4-9]. This diagnosis has often been confused with 
blighted twin [10]. There have been conflicting reports [4, 6] on the prognosis of 
this complication and the correlation of various sonographic and clinical findings 
with the outcome. In this study we present our experience with 21 cases of 
subchorionic hemorrhage diagnosed by sonography during a 2-year period. 


Materials and Methods 


in a 2-year period we detected subchorionic hemorrhage in 21 pregnancies referred for 
sonographic evaluation. Clinical evaluation included maternal and gestational age; parity; 
gravidity; pain; and presence, duration, and severity of bleeding. The patients were 19-35 
years old (mean, 25 years). The gestational ages at the time of the sonographic examination 
were 8-19 weeks (mean, 13.4 weeks). Gravidity ranged from 1 to 5 and parity from 0 to 3. 
Only two patients had one or more previous abortions. Twelve patients had crampy abdominal 
pain. Seventeen patients had vaginal bleeding ranging from heavy bleeding that lasted more 
than 3 days (seven cases) to moderate bleeding (six cases) to spotting (four cases). Four 
patients had no bieeding. Two of these were evaluated because of crampy lower abdominal 
pain; the other two had no bleeding or cramping and were referred for fetal dating. 

Sonographic evaluation included the relative and absolute size of the hematoma, its 
echogenicity and location relative to the placenta, and placental margin elevation. Hematomas 
were grouped according to size relative to gestationa’ sac size: small (<20%), medium 
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(20-40%), and large (>40%). The absolute size of the hematoma 
was Calculated by multiplying the three dimensions of the hematoma 
and dividing the product by two. Hematomas were also divided into 
anechoic (with or without minimal septations), hypoechoic, isoechoic, 
or hyperechoic relative to the uterine wall. One or more follow-up 
examinations were performed in 10 patients. All pregnancies in this 
study were followed until abortion or delivery. 

Sonographic examinations were done with a 3- or 5-MHz linear- 
array or sector transducer on one of four high-resolution commercially 
available real-time sonographic scanners. Patients were instructed to 
have a full bladder, usually by consuming about 1 | of fluid 1 hr before 
the sonographic examination. Scanning was done in the transverse, 
oblique, and longitudinal planes for the best visualization of the 
hematoma. 


Results 


Subchorionic hemorrhage was seen by sonography as 
elevation of the chorionic membrane on the side of the uterus 
opposite the placenta (Fig. 1). The hematoma extended to 
the margin of the placenta in all cases. In no case did the 
hematoma extend superficial to the placenta. Minimal exten- 
sion deep to the placenta was occasionally seen. This feature 
was helpful in differentiating subchorionic hemorrhage from a 
more benign condition called chorioamniotic separation, in 
which the elevated membrane usually extends over the fetal 
surface of the placenta and stops at the origin of the umbilical 
cord (Fig. 2). The amniotic membrane is also thinner than the 
chorionic one. 

The hematoma was anechoic in nine cases (Fig. 3), hypo- 
echoic in four, isoechoic in four (Fig. 1), and hyperechoic in 
four (Fig. 4). Thick septations or tubular membranous struc- 
tures were seen in several anechoic hematomas (Fig. 5). 

Three patients had relatively small hematomas (Fig. 3), 12 
had medium-sized hematomas (Fig. 1), and six had large 
hematomas (Fig. 5). In 11 patients the calculated size of the 
hematoma was less than 30 ml, and in 10 the size was more 
than 45 ml. The smallest hematoma detected was 6 ml and 
the largest was 500 ml. 

Subchorionic hemorrhage was associated with an unfavor- 
able outcome in 71% of the cases. Only six patients had 
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normal full-term vaginal delivery. Three delivered prematurely 
(before 36 weeks), either by vaginal delivery (two cases) or 
by cesarean section (one case). Seven aborted spontaneously 
before 20 weeks, and five underwent therapeutic abortions 
because of severe bleeding. The pregnancy outcome was 
correlated with the clinical and sonographic findings. 

There was no correlation between pregnancy outcome and 
maternal age, gravidity, parity, or gestational age. Significant 
correlation was observed between the presence of cramps 
or pain and pregnancy outcome. Ten (83%) of the 12 patients 
with lower abdominal cramps had unfavorable outcomes com- 
pared with five (56%) of nine without pain. The correlation 
between the degree of bleeding and pregnancy outcome was 
also significant. All 13 patients with heavy or moderate bleed- 
ing had unfavorable outcomes. Only two (25%) of the eight 
patients with minimal bleeding had poor results. 

There was a significant correlation between the size of the 
hematoma and pregnancy outcome. Of the six patients with 
relatively large hematomas, five (83%) terminated in abortion 
or premature delivery, in contrast to nine (75%) of the 12 
patients with medium-sized hematomas and one (33%) of the 
three with small hematomas. Nine (90%) of the 10 patients 
with hematomas larger than 45 ml had an abortion or pre- 
mature delivery, whereas only six (55%) of the 11 with he- 
matomas smaller than 30 ml had unfavorable outcomes. The 
size of the hematoma in the patients with full-term vaginal 
delivery was 6-130 ml (mean, 37 ml), whereas hematoma 
size in the group with unfavorable outcome was 7-500 ml 
(mean, 84 ml). 

Fifteen patients had elevation of the placental margin (Fig. 
1). There was no significant correlation between the elevation 
of the placental margin and pregnancy outcome. In fact all six 
patients with normal-term vaginal delivery had marginal pla- 
cental elevation. There was also no correlation between the 
location of the placenta relative to the cervical os and the size 
of the hematoma or pregnancy outcome. 

Large blood clots were seen adherent to the placenta or 
were evacuated at the time of delivery in five of the 15 patients 
with unfavorable outcomes. One other patient had a large 
placental thrombus at pathologic examination. There was no 


Fig. 1.—Transverse sonogram of gravid 
uterus in patient with moderate vaginal bleeding 
shows medium-sized, partially isoechoic and 
partially anechoic subchorionic hematoma (H) 
extending to margin of placenta (P). Marginal 
placental elevation (arrow). 


Fig. 2.—Chorioamniotic separation. Sagittal 
sonogram of first trimester pregnancy shows 
unfused amnion (arrow) separated from chorion 
(arrowhead). Amniotic separation extends over 
fetal surface of placenta (P) to cord insertion. 
F = fetus. 
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Fig. 3.—Longitudinal view of 19-week gesta- 
tion shows small, anechoic subchorionic hema- 
toma (H) with marginal placental abruption. Cho- 
rionic membrane arrow). P = placenta. 


evidence of another gestational sac at the time of abortion or 
delivery in any of the cases. 

There wes a significant correlation between the outcome 
and the chenge in the size of the hematoma seen on follow- 
up sonograms. All four patients in whom sonography showed 
an increase or no change in the size of the hematoma had 
unfavorable outcomes, whereas only two (33%) of the six 
patients in whom sonography showed a decrease in the size 
of the hematoma had unfavorable outcomes. 


Discussion 


Subchorionic hemorrhage is not a well-recognized entity in 
the sonogrephic literature. Two factors have probably contrib- 
uted to its missed diagnosis. The diagnosis frequently can be 
problematic because of the thinness of the membrane and 
the consistency of the hematoma, which can be mistaken for 
amniotic fluid when it is amechoic, the myometrium when it is 
isoechoic, and the placenta when it is hyperechoic [9]. The 
diagnosis frequently is misinterpreted as a vanishing or 
blighted twin pregnancy when seen by sonography. In a study 
by Finberg and Birnholz [10] of 22 cases diagnosed as 
blighted twin, the sonographic appearance in many of these 
cases was typical of subchorionic hematoma, especially those 
that had a crescent shape. Seven of their 22 patients termi- 
nated in abortion or premature delivery. Moreover, no second 
sac was identified at the time of delivery or abortion in any of 
their cases: instead only dark clotted blood was seen. 

The subchorionic hematoma probably results from marginal 
placental abruption during the first half of pregnancy. For 
unknown reasons, blood, instead of collecting behind the 
placenta as happens in the third trimester, works its way 
behind the chorionic membrane and subsequently leaks into 
the cervica canal. This causes its elevation from the uterine 
wall. The subchorionic hematoma tends to compress the 
gestationalsac, and in two of our cases this led to premature 
rupture of the membranes and subsequent abortion. The 


Fig. 4.—Transverse view of 8-week gestation 
shows relatively large, inhomogeneous hyper- 
echoic subchorionic hematoma (H) extending to 
margin of placenta (P). G = gestational sac. 


Fig. 5.—Longitudinal view of 12-week gesta- 
tion shows large, heavily septated anechoic sub- 
chorionic hematoma (H) extending to margin of 
placenta (P). Chorionic membrane (arrow). W = 
uterine wall. 


echogenicity of the hematoma usually depends on the time 
of the examination relative to the episode of bleeding. Fresh 
blood is usually anechoic; as it organizes it becomes more 
echogenic, and as it starts to hemolyze within a few weeks it 
again becomes anechoic [9]. 

In their study of six cases of elevated chorion Kaufman et 
al. [4] found the outcome to be favorable in most patients. 
Five of their cases progressed to term with delivery of a 
normal infant. A similar experience was encountered by Gold- 
stein et al. [5]. Of their 10 patients with subchorionic hemor- 
rhage, eight had favorable outcomes. However, only 50% of 
the 30 patients with subchorionic hematoma in the study of 
Sauerbrei and Phan [6] and seven of the 12 cases in the 
study of Mantoni and Pedersen [7] had favorable outcomes. 
Our study showed a less favorable prognosis than any pre- 
vious study with full-term vaginal deliveries in only six (29%) 
of 21 patients. 

Several studies have tried to correlate pregnancy outcome 
with different clinical and sonographic findings. No correlation 
between the size of the hematoma was observed in the 
studies of Goldstein et al. [5] and Burrows et al. [11]. Others 
have found the outcome of pregnancy to correlate most 
closely with the size of the hematoma. Sauerbrei and Phan 
[6] found hematoma size to be the major prognostic factor 
related to pregnancy outcome, that is, patients with hema- 
toma volumes less than 60 ml and a relative volume of less 
than 0.4 tended to have favorable outcomes. Alsc Mantoni 
and Pedersen [7] and Mantoni [8] found that patients with 
hematomas larger than 50 ml had unfavorable pregnancy 
outcomes. In our study we also found that patients with 
relatively large hematomas and hematomas larger than 45 ml 
tended to have unfavorable outcomes and those with small 
ones tended to have more favorable outcomes. 

While some investigators have found a significant correla- 
tion between marginal placental abruption and the outcome 
of pregnancy [11], others have found no correlation [6]. Our 
findings were consistent with those of the latter study, as we 
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found no significant correlation between marginal placental 
elevation and pregnancy outcome. 

There was a direct correlation in our study between the 
severity and duration of bleeding and pregnancy outcome. 
Mantoni [8] also found a significant correlation between the 
duration of bleeding and pregnancy outcome in her study of 
165 patients with vaginal bleeding from a variety of causes in 
the first 20 weeks. 

There was a significant correlation in our study between 
the presence of abdominal pain and pregnancy outcome. 
Four of the 21 patients with subchorionic hemorrhage had no 
vaginal bleeding. Two of these patients had unfavorable out- 
comes, with one aborting before 20 weeks and the other 
delivering prematurely. None of the patients in our series had 
a uterine abnormality and only one fetus had a congenital 
anomaly (omphalocele). 

In conclusion, subchorionic hemorrhage would appear to 
be more common than previously suspected. There seems to 
be a significant correlation between pregnancy outcome and 
hematoma size, severity of bleeding, and presence of pain. 
Our study indicates that the mere presence of the subcho- 
rionic hematoma is associated with an unfavorable outcome 
in more than 70% of the cases. All patients with first and early 
second trimester bleeding should be carefully evaluated by 
sonography for evidence of subchorionic hemorrhage. Be- 
cause identification of the elevated chorionic membrane is 
sometimes difficult, a meticulous search for this structure, 
especially near the edge of the placenta, should be performed 
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in this group of patients in whom sonography shows no other 
abnormality. This entity should not be mistaken for blighted 
twin or chorioamniotic separation. 
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Case Report 





sis of Ureteral Stump Transitional Cell Carcinoma by 
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Patients with transitional cell carcinoma of the upper urinary 
tract are at risk (as high as 30%) for recurrence in the distal 
ureter either because of development of a second primary 
carcinoma or by seeding [1]. Therefore, the surgical proce- 
dure of choice for upper urinary tract transitional cell carci- 
noma is nephroureterectomy with removal of a bladder cuff 
[2]. However, in some patients a distal ureteral stump is left 
behind for technical reasons; these patients require periodic 
retrograde stump ureterography for cancer surveillance [3]. 
We report the detection of stump transitional cell carcinoma 
on CT and MR. 


Case Report 


A 60-year-old man underwent a left nephrectomy for transitional 
cell carcinoma of the renal pelvis at an outside institution. One year 
later he-presented with microscopic hematuria. His surgical records 
were initially unavailable. Cystoscopy revealed a bladder tumor that 
was biopsied. establishing a diagnosis of transitional cell carcinoma. 
A stagingrCT showed a mass posterior to the bladder (Fig. 1). The 
possibility of a ureteral stump carcinoma was suggested and MR 
imaging was recommended for further definition. Axial and sagittal 
MR imaging was performed on a 0.3-T Fonar (Melville, NY) nonsu- 
perconducting unit and showed a left ureteral mass with relatively 
prolonged T 1(Fig. 2). The bladder carcinoma (not shown) was remote 
from the tumor and did not appear to extend beyond the wall on 
either the CT or the MR scans. Both CT and MR showed a sharp 
interface of the mass with adjacent fat, suggesting a lack of extension 
outside the ureteral wall. Retrograde left ureterography (Fig. 3) con- 
firmed the presence of a tumor within the ureteral stump. At this 
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point it was learned that the distal ureter was not removed because 
of scarring from previous colonic surgery. 

A radical cystoprostatectomy and urethrectomy with pelvic lymph 
node dissection was performed. The pathologic diagnoses were 
grade IIIB transitional cell carcinoma of the left ureteral stump and 
grade IIIA transitional cell carcinoma of the:bladder. The lymph nodes, 
seminal vesicles, and prostate were free of tumor. 





Fig. 1.—CT scan reveals an approximately 1.2-cm soft-tissue mass 
(straight arrow) in angle between bladder and left seminal vesicle 1 cm 
cephalad to prostate. Normal right ureteral wall (curved arrow) is thinner 
than mass. This is an unusual site for adenopathy. 
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Fig. 2.—MR scans. Axial spin-echo MR image with a repetition time of 500 msec and an echo 
time of 28 msec (SE 500/28) shows a mass isointense to muscle (closed arrow in A), which 
increased in relative signal intensity on an SE 2000/28 axial section (closed arrow in B), indicating 
a relatively prolonged T1. Mass is also well depicted posterior to bladder and anterior to seminal 





Discussion 


Nephroureterectomy for upper tract transitional cell carci- 
noma is technically more difficult than nephrectomy, most 
often requiring a second incision. Nephrectomy alone has 
been advocated for some patients with less invasive transi- 
tional cell tumors, some poor-risk patients, and patients in 
whom technical difficulties are encountered [4, 5]. These 
patients are usually followed by cystoscopy with retrograde 
ureterography. However, the ureteral orifice may be difficult 
or impossible to catheterize. 

We have shown the feasibility of early diagnosis of stump 
carcinoma by CT and MR imaging. We recommend at least 
one of these procedures for surveillance when retrograde 
ureterography is technically suboptimal or impossible. Al- 
though the spatial resolution of CT is currently better than 
that of MR, the latter has superior soft-tissue contrast and 
makes it possible to analyze the T1 and T2 of any abnormality. 
The relatively prolonged T1 of the stump carcinoma (as seen 
in this case), although nonspecific, does suggest a neoplastic 
or inflammatory process [6]. One would expect the carcinoma 
to increase in relative signal intensity compared with that of 
fat on T2-weighted images, making its detection more difficult. 
However, it is possible that with thin T2-weighted sections 
the ureteral wall might be depicted as a relatively low signal 
Structure surrounded by relatively high signal fat and tumor, 


vesicle on a sagittal SE 1000/28 scan (arrows in C). Portions of normal distal right ureter are also 
shown (open arrows in A and B). Normal ureter is smaller than mass. 


Fig. 3.—Retrograde ureterogram reveals polypoid tumor (arrow) within left ureteral stump. 


making it possible to detect wall invasion. The replacement 
of invasive cystoscopy and retrograde ureterography by one 
or both of these noninvasive studies (possibly supplemented 
by bladder sonography) for surveillance purposes is unlikely 
because of the superiority of cystoscopy for evaluation of 
bladder and urethral mucosa. Nevertheless, radiologists 
should be familiar with the appearances of stump carcinomas 
on CT and MR, as they may be encountered on staging or 
screening examinations. 
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Radiographic Evaluation of 
Joints Resurfaced with 
Osteochondral Shell 
Allografts 





The radiographic features of 41 cadaveric osteochondral shell (low ratio of subchon- 
dral bone to articular cartilage) allografts placed in 24 patients for articular resurfacing 
as an alternative to arthroplasty are presented. Underlying causes of joint disease 
included ischemic necrosis (20 grafts), osteochondritis dissecans (nine), chondromala- 
cia patellae (10), and posttraumatic osteochondral fracture with degenerative disease 
(two). Congruity with the adjacent native articular surface and the opposite side of the 
joint was evident on immediate postoperative radiographs in all patients, and proved to 
be critical to the ultimate success of the procedure. On follow-up radiographs over a 
period of 2-28 months, successful incorporation of the allograft was characterized by 
progressive loss of the relative increased density of the graft, in association with 
diminished lucency related to new bone formation at the graft-native bone interface, as 
well as maintained alignment. Graft failure was associated with positional changes 
including collapse, persistent increased density, and poorly defined fragmentation that 
occasionally simulated infection radiographically and resulted in intraarticular bodies. 

Resurfacing of diseased articulations with osteochondral sheli allografts constitutes 
a potentially desirable alternative to total joint arthroplasty, particularly among younger 
patients. Consequently, an awareness of the expected radiographic alterations associ- 
ated with graft incorporation and failure is important. 


Compromise of articular cartilage and/or subchondral bone is the end result of a 
variety of disease processes, including ischemic necrosis, osteochondritis disse- 
cans, and infection. An abnormal articular surface induces pain and limited function, 
and ultimately predisposes the affected joint to premature degenerative arthritis. In 
middle-aged and elderly patients, the procedure of choice in this clinical setting is 
hemiarthroplasty or total joint replacement, particularly in large joints such as the 
knee and hip. However, in younger individuals, the orthopedic surgeon is often 
reluctant to undertake this approach, owing to the limited longevity of implanted 
prostheses related to loosening, infection, and other late complications [1]. Al- 
though cementless joint-replacement hardware has recently been introduced and 
offers the potential for an extended functional lifespan, the latter remains to be 
proved by long-term experience [2]. Another new approach to functional restoration 
of diseased articulations has involved the use of fresh and frozen allogeneic 
osteochondral grafts derived from human cadavers [3-10]. The purpose of this 
report is to discuss the postoperative radiographic evaluation of shell (low ratio of 
bone to cartilage) grafts of this type on the basis of our experience with 41 
transplants in 24 patients. 


Materials and Methods 


The technique used for allograft selection and preparation has been described in detail 
[5]. The patient population included 24 individuals 16-67 years old (mean, 33 years), 14 of 
whom were women. Eleven patients had allotransplantation at two or more different sites, 
and four underwent revision surgery at the same site, resulting in a total of 41 grafts placed 
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at 37 anatomic locations. Sites grafted included femoral head (14), 
tibial plateau (eight), lateral femoral condyle (eight), medial femoral 
condyle (four), and patella (five). One allograft was placed to the talar 
dome and tibial mortise of one patient. Ischemic necrosis was the 
underlying cause of joint disease at 20 graft sites, chondromalacia at 
eight, osteochondritis dissecans at seven, and posttraumatic osteo- 
chondral fracture at two. 

Radiographs were obtained immediately after allograft placement 
and subsequently at intervals of approximately 3 months. Duration 
of follow-up was 2-28 months (mean, 12 months). 


Results 


Radiographically, incorporation was characterized by pro- 
gressive loss of the interface between the graft and native 
bone, in association with sclerosis secondary to new bone 
formation and ingrowth. The degree of articular surface con- 
gruity documented on radiographs in the immediate postop- 
erative period was maintained for the entire duration at follow- 
up in these patients (Figs. 1 and 2). 
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Overt clinical and radiographic failure occurred in seven 
allografts (17%), manifested symptomatically by recurrent 
severe pain and limited joint mobility. Radiographically, in- 
creased density and progressive collapse were noted in failed 
femoral head grafts (Fig. 3). An overt fracture was docu- 
mented in a femoral condylar allograft 11 months after place- 
ment (Fig. 4). The single failed patellar allograft exhibited 
persistence of its lucent interface with host bone, as well as 
deterioration of postoperative alignment (Fig. 5). Fragmenta- 
tion with the formation of osteochondral bodies and poor 
definition of the exposed native osseous margins (simulating 
infection) were observed in the failed adjacent grafts to the 
lateral femoral condyle and lateral tibial plateau in one patient 
(Fig. 6). In all seven instances, graft necrosis was documented 
histologically at the time of revision surgery. Failure occurred 
within 1 year after the initial operation in six of the seven 
instances, while the remaining case demonstrated radi- 
ographic evidence of failure 19 months after allograft place- 
ment (Fig. 7). 


Fig. 1.—Normal incorporation of left medial 
femoral condylar allograft in 17-year-old woman 
with history of osteochondritis dessicans. 

A, Frontal radiograph after surgery shows lu- 
cent interface between allograft and native bone 
(black arrow). Slight incongruency between me- 
dial and lateral margins of subchondral bone is 
noted at graft-native bone interface (white ar- 
rows). 

B, 18 months after surgery, previously lucent 
interface has been obliterated by new bone for- 
mation, indicating complete incorporation of 
graft into native condyle. Remodeling of sub- 
chondral bone along margins of graft has re- 
sulted in congruent alignment. 


Fig. 2.—Normal incorporation of posterior 
right patellar graft in 20-year-old woman with 
chondromalacia. 

A, Lateral radiograph 6 weeks after surgery 
shows sharp surgical margins of allograft and 
native patella and lucent interface between ap- 
posed surfaces (straight arrows). Peg fashioned 
on posterior patellar surface and corresponding 
circular depression in allograft (curved arrow) 
facilitate secure press fit that eliminates need 
for stabilization hardware. Slight incongruency 
is evident at superior margin of graft-host inter- 
face (superior arrow). 

B, Lateral radiograph 17 months after surgery 
shows progressive incorporation of allograft, 
manifested by increased density along graft- 
host interface, representing new bone formation. 
Preservation of alignment is evident. 
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Fig. 3.—28-y2ar-old man with bilateral avas- 
cular necrosis resulting from 2-week course of 
high-dose steroids for closed head injury. 

A, Frontal radiograph of right hip 9 days after 
surgery reveals:slight incongruency between ar- 
ticular surfaces of graft and the native femoral 
head (arrows). This mild elevation of the allograft 
relative to native bone allows for compaction of 
underlying canselious autograft and stable seat- 
ing. Graft constitutes more than one-half femoral 
articular surface, and its stability was deemed 
acceptable without fixation by foveal screw. 

B, Frontal radiograph 10 months after surgery 
shows recession of articular surface of allograft 
relative to that of *emoral head (straight arrows) 
secondary to collapse of underlying autograft. 
Although integrity of allograft has been main- 
tained, articular surface of reconstructed femo- 
ral head is aspherical (curved arrow). 


Fig. 4.—21-year-old man with history of os- 
teochondritis dessicans involving right lateral 
femoral condyte. 

A, Lateral radiograph 3 months after surgery 
shows well-defimed linear lucency at interface 
between graft and bone (curved arrow). Slight 
incongruency of articular surface is evident at 
anterior and pesterior margins of graft (straight 
arrows). 

B, Repeat lateral radiograph 11 months after 
surgery shows continued prominence of lucent 
graft-native bene interface (straight arrow), in- 
dicating failure of normal incorporation. Incon- 
gruency of articular surface persists, and new 
vertical fracture of allograft is evident (curved 
arrow). 


Fig. 5.—64-year-old woman with chrondro- 
malacia. Successful revision of patellar allograft 
after first failurerelated to postoperative trauma. 

A, Lateral radiograph 12 months after surgery 
and several weeks after patient fell. Lucent in- 
terface between allograft and native bone per- 
sists superiorly (straight arrow). Incongruity of 
interface is apparent inferiorly (curved arrow). 
Arthroscopy revealed grade |/IV alterations in- 
volving chondral surface of allograft with poor 
marginal incoeperation to native patella. Allograft 
revised at 13 months, when lateral subluxation 
of patella was evident. Chondral fracture involv- 
ing inferior pole of graft and grade III/IV degen- 
erative changes of lateral patellar facet noted at 
surgery. 

B, Photomicrograph of failed allograft shows 
relatively acellular hyaline cartilage with moth- 
eaten border acjacent to epithelioid histiocytes. 
(H and E x200) 
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Fig. 6.—20-year-old man with osteochondritis dissecans of right lateral femoral condyle. Successful revision was performed after initial failure of 


allografts to lateral femoral condyle and lateral tibial plateau. 


A, Frontal radiograph 5 months after surgery shows congruency of articular surfaces with expected degree of persistent radiolucency at graft-host 


interfaces for this stage of recovery (arrows). 


B, 11 months after surgery, graft-host interfaces have become more prominent (curved arrows) and graft dissolution is evident, particularly on femoral 


side (straight arrows). 


C, 13 months after surgery, marked irregular dissolution of both tibial and femoral allografts has developed, in association with formation of free 
osteochondral bodies (arrow). Although radiographic findings suggested septic arthritis, pathology at revision surgery was consistent with chronic 


inflammation with negative cultures. 





The outcomes of allotransplantation achieved in this inves- 
tigation were variable for the different sites of application. The 
outcome was least favorable for the femoral head, with a 
success rate of 71% compared with 80-100% successful 
incorporation of grafts at the other sites studied. Among the 
entire series of 41 allogeneic osteochondral grafts, 34 (83%) 
were deemed successful on the basis of clinical and radi- 
ographic evidence. Pain relief and variable improvement in 
articular function were achieved in this subgroup of patients. 


Fig. 7.—Failed left femoral head allograft in 
same patient as shown in Figure 3. 

A, Frontal radiograph 9 days after surgery 
shows congruency of articular surface (straight 
arrow) with expected lucency at graft-native 
bone interface (curved arrows). Allograft is sta- 
bilized and replaces greater than one-half of 
femoral articular surface. Although screw ap- 
pears to extend beyond margin of graft, pur- 
chase of articular cartilage was documented at 
surgery. 

B, Frontal radiograph 19 months after surgery 
reveals progressive widening of graft-host inter- 
face (straight arrows) with altered positioning of 
allograft. Collapse of subchondral bone support- 
ing articular cartilage has resulted in joint-space 
narrowing and irregular incongruity of recon- 
structed femoral head (curved arrows). 


A minority of cases without overt radiographic evidence of 
allograft failure manifested significant postoperative clinical 
symptomatology. One patient complained of recurrent pain 
10 months after surgery. A second individual described re- 
current “clicking” from the allotransplanted articulation. A third 
patient with a femoral head allograft developed decreased 
range of motion in the affected hip joint, with 70° of flexion, 
15° of external rotation, and inability to internally rotate doc- 
umented on physical examination. 
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Discussion 

Three forms of articular cartilage allografts have been used 
in humans: (7) a shell or plaque composed of cartilage and a 
thin layer of subchondral bone; (2) a half-joint transplant 
attached to the shaft of a long bone; and (3) a whole-joint 
transplant [E]. On the basis of encouraging experimental 
results with «chondroosseous shell grafts for the resurfacing 
of hip and knee joints in animals, this type has recently 
received the-greatest attention for potential clinical application 
(8, 11]. 

Patients 12-50 years old with osteonecrosis and segmental 
collapse of the articular surface before the onset of secondary 
osteoarthritis are particularly well suited to the use of osteo- 
chondral shell allografts. This form of allotransplantation is 
also useful fer certain posttraumatic conditions such as os- 
teochondral *racture [10]. Chondromalacia and osteochonari- 
tis dissecans constitute additional legitimate indications for 
the technique. In general, the allograft operation has the 
potential for buying significant time until a patient reaches an 
age at which total joint arthroplasty becomes a practical 
therapeutic option [10]. 

Fresh osteochondral shell allografts previously were used 
by one of the authors for the treatment of segmental collapse 
in 21 patients with ischemic necrosis of the femoral head. The 
lack of emphasis on radiographic findings in these reports 
[5, 10] prompted the current investigation aimed at developing 
specific imagirg criteria for their success rather than failure. 

Fresh osteochondral shell allografts have also been used 
for resurfacing the tibial plateau in a study involving patients 
with osteoarthritis of the knee. Radiographically, uniform pres- 
ervation of oint space without evidence for degenerative 
changes was noted; minimal collapse of the graft occurred in 
a single patient [6]. Similar results were documented for the 
eight tibial pateau allografts from our series, seven (88%) of 
which exhibited successful incorporation radiographically. 

in a recent study of 100 patients who had had cadaveric 
osteochondral shell allograft placement in the knee, 22 ex- 
perienced graft failure after 12-84 months [12]. A total of 44 
specimens were recovered and examined both histologically 
and radiographically. The films reveaied variable alterations 
ranging from an intact appearing articular surface to one with 
significant fragmentation, as was seen in one patient from our 
study. Some specimens exhibited osteosclerosis extending 
from the graft base to the subchondral bone, a phenomenon 
found to cerrelate with histologic evidence of ingrowth by 
host bone aac seen in a minority of our patients. 

In another investigation, 78 small-fragment fresh allografts 
and 32 large-fragment grafts were used in the management 
of a variety of disorders affecting the knee [7]. A detailed 
radiographic assessment of 17 tibial plateau grafts from this 
series followed for an average of 46 months revealed uniform 
creeping substitution in most instances. Minimal to absent 
collapse was observed in 14 patients, with the remaining 
three patients exhibiting greater than 3 mm of collapse. 
Maintenance of the articular space was noted on weight- 
bearing radiographs in most patients, owing to donor carti- 
lage, host fiprocartilage, or the contribution of the opposing 
femoral cordylar cartilage. As weight-bearing radiographs 
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were not obtained routinely in the patients in our study. we 
were unable to draw firm conclusions regarding the status of 
the articular cartilage in our successful knee allografts. 

Elbow allografts recently were used in a series ci 10 
patients with bone loss secondary to surgery or trauma. Of 
the nine patients followed for over 1 year, two each developed 
joint instability and nonunion. Radiographs in the six patients 
followed for over 2 years revealed evidence of degenerative 
alterations. Most of the allografts exhibited progressive de- 
generation with time, although severity was not Lnifarmly 
correlated with duration of postoperative follow-up [13]. Os- 
teochondral shell allografts of the type used in this study have 
not, to our knowledge, been used for resurfacing in the elbow. 

On the basis of the results of the current investigation, 
important points in the radiographic evaluation of allogeneic 
osteochondral grafts can be summarized: In the irmediate 
postoperative period, (1) the graft should be anatomically 
aligned with native bone and congruent with apposing artic- 
ular surface and (2) the relative increased density of the graft 
is predictable and may become more pronounced early in the 
postoperative course owing to progressive disuse osteopenia 
in the native bone. In the long-term follow-up period, (7) the 
graft position should not change (collapse and/or other alter- 
ation in alignment portends failure); (2) a progressive obliter- 
ation of the radiolucent interface between graft ard native 
bone should occur, with variable increased density related to 
new bone formation; (3) the radiodensity of graft and native 
bone should gradually approach equivalence; (4) the articular 
space should be maintained; and (5) dissociation of graft from 
its bed, with or without fragmentation, is a sign of failure and 
may resemble infection radiographically. 

Incorporation of allografts differs from that of autografts in 
that the rate of new bone formation and graft contact is 
slower, vascular penetration is slower and less dense, peri- 
vascular new bone formation is less pronounced, and surface 
bone replacement is more prominent [3]. Nevertheless, as 
shown by most of our cases, the time required for radi- 
ographic evidence of complete incorporation is not excessive. 
In one patient with replacement of the lateral femoral condyle, 
fusion of the allograft to native bone was virtually compete 3 
months after surgery. 

Transplantation of osteochondral shell grafts permits suffi- 
cient new bone formation to occur before revascuiarization 
destroys the support of the overlying articular cartilage and 
induces collapse [3]. Experimental and clinical stucies have 
documented the importance of nonimmunologic factors, in- 
cluding exact primary reconstruction of the articular surface 
and stable fixation of the fragment to its bed, to the ultimate 
success of the procedure [3, 14-16]. Preliminary evicence 
indicates that the success rate of allogeneic joint replacement 
may be improved in the future through the use of vascularized 
transplants. Although a vigorous rejection response was 
noted in one study involving rats, vascularization appeased to 
facilitate osseous healing as determined by sequential radiog- 
raphy [17]. In addition, ongoing improvements in tissue typing 
methods and sizing of allografts should increase their use for 
articular resurfacing and lend greater importance to accurate 
postoperative radiographic assessment. 
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CT Arthrographic Patterns in 
Recurrent Glenohumeral 
Instability 





CT double-contrast arthrograms were performed on 54 shoulders in 53 patients with 
recurrent dislocation or subluxation to detect responsible underlying bony or soft-tissue 
abnormalities. Lesions of the anterior labrum in 52 (96%) of 54 cases ard of the 
capsuloligamentous complex in 42 (78%) of 54 cases were the two most common 
abnormalities. There was no difference in the degree or number of labral lesions between 
subluxations and dislocations. However, more severe capsular lesions, subscapularis 
tendon tears, and widened subscapularis bursae were consistently found among pa- 
tients with dislocations. 

Subsequent clinical, arthroscopic, and surgical findings showed that the use ef CT 
double-contrast arthrograms resulted in improved definition of the multiple lesions 
associated with glenohumeral dysfunction. 


Glenohumeral joint stability generally has been attributed to the integrity of the 
capsulohumeral muscles and ligamentous complex, the glenoid labrum, and the 
synovial recesses. However, there has been no consensus as to which lesion or 
lesions bear primary responsibility for recurrent dislocation and subluxation [1-8]. 
Transient subluxations have been said to occur more commonly than frank disio- 
cations. They are, however, more often clinically undetected [9]. Multidirectional 
instabilities represent even more challenging conditions. The latter may be caused 
by several types of lesions, including those caused by idiopathic or congerital ntra- 
or periarticular soft-tissue abnormalities [10]. 

CT double-contrast arthrography was performed on 54 shoulders in 53 patients 
with clinically evident recurrent dislocation or subluxation. The purpose was to 
detect anatomic abnormalities that could account for recurrent glenohumeral dys- 
function and to determine what specific lesion or lesions predominate in a particular 
type of instability. The technique was also employed to clarify the direction of 
instability in patients who gave an incomplete medical history and in those who 
were difficult to examine. The technique was also used to help identify those 
individuals who could benefit from arthroscopy and/or conservative treatment [11- 
13]. Subsequent clinical arthroscopic, and surgical findings showed that artnrog- 
raphy enhanced the possibility of achieving these goals. This experience nas been 
confirmed by others [14-16]. 


Materials and Methods 


A total of 54 shoulders (29 right and 25 left) in 53 consecutive patients with recurrent 
instability were scanned with CT. Forty had involuntary dislocations and 14 had involuntary 
subluxations. Two patients could dislocate their shoulders voluntarily. Five had bilateral 
symptoms. There were 34 men and 19 women, ranging in age from 16 to 53 years ‘mean, 
26 years). Athletic injuries accounted for most shoulder derangements. Only four patients 
had no history of trauma. 

CT arthrographic findings were correlated with clinical, arthroscopic, and surgical findings 
in 43 patients. Charts were reviewed with particular attention to the results of physical 
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examinations in order to determine the direction of humeral head 
displacement when patients were most symptomatic. Among the 54 
shoulders, 22 had anterior instability, including one with questionable 
concurrent posterior instability. Eighteen shoulders in 17 patients had 
anterior/inferior instability, including five with minor posterior symp- 
toms. Six had posterior instability, including one with minor inferior 
instability and one with anterior/posterior instability. Two had poste- 
rior/inferior instability. Five had anterior/inferior/posterior instability. 

Of three cases with recurrent anterior/inferior instability, four with 
anterior/inferior/posterior instability, and two with unidirectional pos- 
terior instability, all had had unsuccessful repairs, done solely for 
anterior instability. Three additional patients had had biceps tendon 
repairs. One had had anterior acromioplasty. 

Contiguous 4-mm-thick axial slices of the glenohumeral joint were 
obtained at 3-mm intervals with a Siemens DR3 CT scanner (Iselin, 
NJ) after instillation of 1-2 ml of contrast material (Reno M 60 
diatrizoate meglumine; Winthrop-Breon, NY) and air. The volume of 
air, injected under fluoroscopic control, varied from 10 to 15 mi. 
Region of interest was selected, and a magnification factor of 4 was 
used. Images were recorded with bone and soft-tissue settings. 

All 54 patients were examined in the supine position, with the 
shoulder in a neutral position. Additional supine internal and external 
rotation views were done in five patients, while the prone position 
was used in three patients for further labral and capsular definition. 
These additional views were rarely required. Subsequent conven- 
tional upright radiographs aided in detecting rotator cuff tears. 


Results 


Of the 54 shoulders studied, 52 (96%) displayed anterior 
glenoid labral abnormalities on CT arthrograms including 
tears, truncation, attrition, thickening, and detachment, with 
or without fragmentation, either alone or in combination. 
There were no false-positive findings as correlated with intra- 
operative findings. Of two false-negative findings, one was 
due to a poorly visualized anterior labrum. Another anterior 
labral abnormality was overlooked. 

CT-defined anterior capsular lesions included marked me- 
dial scapular insertion, glenoid marginal stripping or detach- 
ment, and tears or loss of intervening scapular marginal soft 
tissues. Such distortions resulted in widened or rounded 
capsular reflections or enlarged, redundant anterior recesses, 
both of which contribute to capsular laxity. Capsular detach- 
ment or laxity and widened, redundant synovial recesses, 
either alone or in combination with other lesions (described 
above), were noted in 42 (78%) of 54 shoulders, and were 
surgically confirmed. 

No major differences were detected by CT in the labral 
lesions of patients with recurrent dislocation or subluxation. 
However, capsular abnormalities were more common and 
severe in those with recurrent dislocation, with separations 
noted in 83% as opposed to 61% in those with subluxation— 
findings comparable to those of De Palma (89% and 60%, 
respectively [13]). 

Posterior labral flattening, tears, or detachments were 
noted in 19 (35%) of 54 shoulders, including 12 that had 
either posterior instability, anterior/posterior instability, pos- 
terior/inferior instability, or anterior/posterior instability. Cap- 
sular tears or redundant posterior recesses were noted in 
only five cases with posterior instability. 
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Among 46 cases with anterior instability, including those in 
the multidirectional group, 44 (96%) of 46 had anterior labral 
lesions, while 39 (85%) of 46 had associated anterior capsular 
abnormalities. Of these 46 patients, seven also had posterior 
labral defects. 

Among those with posterior instability, including the multi- 
directional group, 12 (86%) of 14 cases had posterior labral 
abnormalities, while five (86%) of 14 cases had additional 
posterior capsular abnormalities. However, it is important to 
note that all patients with posterior instability, including uni- 
directional and multidirectional cases, had anterior labral ab- 
normalities, with a majority displaying anterior capsular le- 
sions as well. 

Subscapularis muscle and/or tendon abnormalities, includ- 
ing tears and irregularities, were visualized in 19 patients, 
with the subscapularis bursa widened in 10 (53%). Surgical 
confirmation was obtained in two cases, with no reference 
made to the subscapularis in the remaining patients. irregu- 
larities, tears, and/or scarring of the superior glenohumeral 
soft tissues, including the intracapsular segment of the long 
head of the biceps tendon, superior glenohumeral ligaments, 
and their labral attachments, were noted in 25 (46%) of 54 
shoulders. 

A Hill-Sachs lesion was seen in 20 (37%) of 54 shoulders. 
Periosteal reactions, fractures, bony erosions, and glenoid 
osseous rim attrition occurred in 12 cases. Other findings 
included two rotator cuff tears, compression of the humeral 
head articular surface (trough sign) in one case, degenerative 
joint disease in four, intraarticular loose bodies in three, and 
absence of the bicipital tendon from its groove in three 
patients who previously had undergone tendon surgery. 


Discussion 


The 96% prevalence of anterior labral lesions diagnosed by 
CT arthrography in cases with involuntary dislocation and 
Subluxation (and their 100% surgical documentation) dupli- 
cates the findings of previous studies [17, 18]. The current 
Study also reaffirms the value of CT arthrography in depicting 
capsuloligamentous lesions, which occurred in 83% of cases 
with anterior instability. 

Superior soft-tissue tears and contour irregularities involv- 
ing the superior glenohumeral ligaments, their labral attach- 
ments, or the long head of the biceps tendon were noted in 
15 cases and are particularly common in athletes who use a 
throwing motion (Fig. 1). Stress applied to the long head of 
the biceps tendon may further contribute to labral tears 
[19, 20]. 

The glenohumeral ligaments have been thought to contrib- 
ute to periarticular support, and the inferior and middle com- 
ponents have been considered the most important enhancers 
of shoulder joint stability [4, 5, 13]. Conversely, an underde- 
veloped or absent inferior or middle glenohumeral ligament, 
depending on humeral head position at a particular instant in 
time, offers little or no resistance to dislocation (Fig. 2). 
Variable insertions of the capsule or middle gienohumeral 
ligament into the glenoid are also important, with type li and 
lil insertions being more likely to allow anterior dislocation 


a 


AJR:149, October 1987 


Fig. 1.—Double-contrast CT arthro- 
gram of upper shoulder joint shows a 
partially detached anterior labrum (ar- 
rowhead) associated with tears and at- 
tenuation of superior glenohumeral lig- 
ament (curved arrew) and long head of 
biceps tendon (straight arrow). These 
findings are specifically attributed to 
the throwing mechanism among ath- 
letes. 


Fig. 2.—Double-contrast CT arthro- 
gram of mid shouider joint shows that 
an underdeveloped middie glenohu- 
meral ligament (straight arrow) forms 
large synovial recess (arrowheads). A 
deficient ligament offers little or no re- 
sistance to an advancing humeral 
head. 


[19]. In type lI and Ill capsular insertions, the fibrous capsule 
is attached not to the edge of the glenoid, as in type |, but to 
the neck of the scapula. The large anterior pouch in type III 
further affords no passive restraint to anterior dislocation, and 
the presence or development of abnormal synovial recesses 
also depends on the topographic variations of the glenohu- 
meral ligaments (Fig. 3). Larger recesses are less likely to 
form after recurrent dislocations in shoulders with strong 
capsular walis or initially small or absent recesses. 

The subscapularis muscle, which dynamically prevents an- 
terior humeral head displacement by its buttressing action, 
invariably exhibits increased laxity and decreased tone in all 
recurrent anterior dislocations [4, 13]. Although subscapularis 
lesions have been grossly documented at surgery, more 
subtle lesions have been noted microscopically [7]. 

CT identification of scarring, tearing, and attenuation of 
subscapularis muscles or tendons was enhanced in 17 (37%) 
of 46 cases with anterior instability by silhouetting their inferior 
margins with air (Figs. 4 and 5). Capacious subscapularis 
bursae were observed on CT in 14 (30%) of 46 with anterior 
instability, while widened bursae in combination with tendon 
or muscle tears were noted in 10 (22%) of 46 cases. 

All patients with subscapularis tendon and muscle tears 
had CT evidence of associated capsular abnormalities, includ- 
ing widened capsular recesses and severe anterior labral 
abnormalities. Capsular abnormalities and enlarged capsular 
recesses were noted in all cases with capacious subscapu- 
laris bursae. This logically derives from the fact that the 
anterior capsular recess is merely an extension of the sub- 
scapularis bursa. Our CT-defined complex of subscapularis 
recess, tendon, and anterior capsule abnormalities confirms 
De Palma’s surgical findings in cases with anterior disloca- 
tions [13]. Another observation based on our CT data indi- 
cates that widened subscapularis bursae contribute to gle- 
nohumeral instability; 10 of 11 such patients had anterior 
dislocations. while those who exhibited only subscapularis 
tendon scarring were prone to subluxations. 

Wearing, erosion, and/or glenoid bony rim fractures were 
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documented on nine CT arthrograms. Several surgical recon- 
structive procedures have been based on the clinical assump- 
tion that a compromised bony glenoid rim or detached labrum 
is the “essential lesion” responsible for shoulder irstability. 
Accurate CT delineation of the degree of glenoid rim compro- 
mise therefore makes a basic contribution toward determining 
the feasibility of specific bone block procedures. 

The posterior capsular insertion is almost always into the 
labrum, which has a smoother, rounder configuration than 
the anterior labrum. In five cases the upper postericr labrum 
appeared thin and flat. This probably represents a normal 
variation, since neither clinical posterior instability nor surgical 
abnormalities were noted in these cases (Fig. 6). A similar 
finding in one case with posterior instability was, however, 
associated with a lower labral tear and capsular laxity. 

In patients with clinical evidence of posterior instability, 
posterior labral or capsular tears and/or a wide recess were 
noted on CT and confirmed in those who had surgery. A 
pattern suggesting capsular laxity, akin to that noted anteri- 
orly, was seen in three shoulders with a more medially placed 
capsular insertion on the posterior glenoid convexity (Fig. 4). 
Another pattern observed in those with posterior instability 
was that of distinct tears of the upper half of the posterior 
labrum. 

The presence of anterior labral lesions in 100% of patients 
with posterior instability, some of whom had capsular abnor- 
malities, and the presence of posterior labral abnormalities or 
posterior capsular tears in seven cases with major anterior or 
anterior/inferior instability are of interest. One of the seven 
had a sensation of posterior instability on physical examina- 
tion. This could not be confirmed arthroscopically because of 
marked inflammation. In a second patient with posterior sub- 
luxation induced under anesthesia, a posterior labral tear was 
confirmed and excised concurrently with a major anterior 
repair. Posterior labral fraying was also surgically documented 
in another patient. There was no evidence of posterior labral 
abnormalities in two other patients who had an anterior repair. 
The remaining two have not had surgery to date. 
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Among patients with posterior instability, which was either 
unidirectional or a component of the multidirectional type, six 
who had had previous repairs for anterior instability now have 
exhibited anterior labral and/or capsular abnormalities. Their 
current anterior findings could, therefore, represent residual 
or superimposed postoperative abnormalities. Two other pa- 
tients had arthroscopic debridement for anterior lesions. An- 
terior lesions were not mentioned in the surgical notes of a 
third patient who previously had had posterior repair. This 
patient and those who had undergone anterior repairs and 
had CT evidence of posterior labral lesions will be followed. 
It will be interesting to see whether new instability in the 
direction of the clinically unrecognized and untreated lesions 
develops. These cases may represent instances of multidirec- 
tional instability with either concomitant posterior or anterior 
abnormalities escaping clinical recognition. 

Several of our findings merit emphasis. Although labral 
tears are held to be a cause of functional instability [21], the 
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Fig. 3.—Type Ill capsular insertion. 
Marked medial insertion of middle gle- 
nohumeral ligament into scapular neck. 
Capsule is widely reflected (arrow- 
heads) with deficient intervening soft 
tissue near insertion. Compare small 
recess (curved arrow) anterior to rela- 
tively well developed middie glenohu- 
meral ligament (open arrow) with that 
in Fig. 2. These are anatomic variations. 
Note Hill-Sachs lesion (straight arrow). 


Fig. 4.—Double-contrast CT arthro- 
gram of upper shoulder joint shows 
posterior (long straight arrow) and an- 
terior (open arrow) labral deficiencies. 
These are associated with a wide pos- 
terior pouch, capsular insertion beyond 
posterior glenoid margin (short straight 
arrow), and an attenuated subscapu- 
laris tendon (curved arrow) outlined by 
air in subscapularis bursa. 


Fig. 5.—Double-contrast CT arthro- 
gram of upper shoulder joint shows 
subscapularis tendon (arrow) and mus- 
cle tears accentuated by contrast 
within their substance. A large synovial 
pouch lies anterior to torn muscle (ar- 
rowheads). 


Fig. 6.—Double-contrast CT arthro- 
gram of upper shoulder joint shows a 
deficient posterior labrum (straight ar- 
row), detached anterior labrum (curved 
arrow), and small Hill-Sachs deformity 
(arrowhead). 


anterior labrum may be deficient or even absent without 
clinical evidence of dislocation, but may predispose to recur- 
rent subluxation or subtle transient instability [4, 6, 13]. 
Operations that create excessive tightness on one side of a 
hypermobile shoulder may cause subluxation or dislocation 
in the opposite direction [10]. Preexisting lesions may play an 
ancillary role in the pathogenesis of recurrent or de novo 
instability. No single lesion has been proved responsible for 
recurrent dislocation and dynamic considerations such as the 
particular position the humeral head occupies in relation to 
the glenoid fossa at a particular instant in time may be 
important. 

Labral and capsuloligamentous lesions, bony deficiencies, 
and biomechanical factors interfering with synergistic move- 
ment of the capsuloligamentous complex are all representa- 
tive of causes and effects contributing to recurrent humeral 
head instability in particular positions at particular times. 
Developmental anatomic variations and/or congenital malfor- 
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mations of tre humeral head and glenoid fossa must also be 
included as etielogic factors and considered before treatment. 
A close correlation with clinical findings supplemented by the 
referring physician’s physical examination is most important 
in interpreting the practical importance of CT pathology. CT 
double-contrast arthrography has therefore made a significant 
contribution tc improving and easing the documentation of 
this wide variety of anatomic abnormalities, many of which 
play an impcrtant part in the causation of recurrent glenohu- 
meral dysfurction. 
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Case Report 





An Unusual Form of Tibial Sarcoidosis 


Ernest W. Beasley Ill,’ Susan Brothers Peterman,*° and Gary L. Hertzler* 


Sarcoidosis is a disease of unknown cause characterized 
histologically by noncaseating granulomas that can involve 
any organ or tissue. Osseous sarcoidosis is relatively uncom- 
mon. However, the actual prevalence may be higher than 
reported because many of the lesions are asymptomatic [1]. 
Bone involvement has several different radiologic appear- 
ances, and certain patterns are more common in certain types 
of bones [2]. We present a case of histologically confirmed 
sarcoid of the tibia with an unusual radiologic appearance for 
long tubular bone involvement. 


Case Report 


A 38-year-old black woman with known sarcoidosis had a history 
of several months of pain in the right tibia and hyperpigmented skin 
lesions over the proximal right pretibial area. The results of nasal and 
paranasal sinus mucosal biopsies performed 9 years previously and 
a cerebral biopsy performed 4 years previously were all consistent 
with sarcoidosis. Chest radiographs performed at the time of the 
biopsies were reported as normal. 

Radiographs on presentation showed a moth-eaten, permeative 
pattern in the cortex of the anterior right tibia without evidence of 
periostitis (Figs. 1A, 1B, and 1C). This correlated with an area of 
intensely increased tracer uptake on the “™technetium—methylene 
diphosphonate nuclear bone scan. The distal phalanx of the right 
thumb, initially radiographically normal, showed increased tracer up- 
take as well. Radiographs of the thumb performed 5 months later 
showed development of expansile, cystlike lesions (Fig. 1D). The 
chest radiograph was normal, and a contrast-enhanced CT scan of 
the head showed evidence of continued intracranial sarcoid involve- 
ment. 
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A needle biopsy of the tibial lesion was performed under fluoro- 
scopic quidance. Histologic examination of cortical bone revealed 
extensive involvement by numerous nonnecrotizing granulomas typ- 
ical of sarcoidosis (Fig. 1E). Haversian canals were expanded by the 
granulomatous process, which included scattered multinucleated his- 
tiocytic giant cells. Special stains for fungi and mycobacteria were 
negative. No osteoclastic bone resorption was present. 


Discussion 


The radiographic prevalence of osseous involvement in 
sarcoidosis is reported to be from 1% to 13%, with an average 
of 5% [1]. Bone scans with *"Tc-methylene diphosphonate 
have been more sensitive than either radiographs or Ga 
scans in detecting bone disease and thus may show an even 
higher prevalence [3]. Bone involvement usually is seen in 
patients who have the more chronic form of sarcoidosis [4]. 
Of those with osseous involvement, 80-90% also have pul- 
monary involvement. Ocular and nasal mucosal disease is 
more prevalent in those who have bone disease than in the 
general sarcoid population [1]. 

Osseous sarcoid can have a variety of radiologic patterns. 
The changes may be nonspecific, such as regions of osteo- 
porosis or, more rarely, osteoscierosis [2, 4]. A more typical 
appearance is a reticular or lacelike pattern in cortical bone 
[1, 2, 4-6], such as was seen in our case. This is considered 
to be caused by perivascular infiltration of the Haversian 
systems by the granulomatous process [1, 4, 5]. Another 
typical appearance of osseous sarcoid is that of multiple or 
single cystlike lesions with sclerotic, smooth margins [1, 2, 
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4-6], such as those seen in the thumb of our patient. These 
cystlike lesions are associated with areas of diffuse absorp- 
tion or destruction of medullary trabeculae [1, 5]. A third 
pattern is an aggressive-appearing lytic process with rapid 


Fig. 1.—A-C, Anteroposterior (A), lat- 
eral (B), and magnification of lateral (C) 
radiographs of right tibia show a permea- 
tive pattern in anterior cortex. 

D, Anteroposterior radiograph of right 
thumb 5 months after tibial lesion was 
first seen shows cystlike lesions with ex- 
pansion of distal phalanx typical of os- 
seous sarcoid of the hand. 

E, Photomicrograph shows a nonne- 
crotizing granuloma surrounded by bone 
(H and E, x 25). Inset shows multinucle- 
ated histiocytic giant cell (H and E, x 100). 


cortical destruction and no associated periosteal reaction [1, 
2, 4-6]. Pathologic fractures can occur at these lesions. 

The hands are primarily affected in osseous sarcoid; in- 
volvement of the wrists and feet is the next most common 
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[2]. All of the bone patterns described can be seen in these 
locations. Long tubular bone involvement is rare. Previous 
case reports of its appearance described the presence of 
single or multiple lytic foci [6-10]. In the patient we have 
presented, this biopsy-proved case of sarcoidosis of the tibia 
is remarkable for its moth-eaten, permeative cortical pattern. 
More typical changes of osseous sarcoid were present in the 
patient's thumb. 
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High-Resolution CT of the 
Wrist: Initial Experience with 
scaphoid Disorders and Surgical 
Fusions 





We performed high-resolution CT scans on 30 wrists in 27 patients with either previous 
surgical intercarpal fusion or known or suspected scaphoid abnormalities. Most exami- 
nations used the same protocol: contiguous 1.5-mm axial sections parallel to the long 
axis of the body of the scaphoid, small reconstruction circle, and bone reconstruction 
algorithm. Fifteen patients were evaluated for union of previous surgical carpal fusions; 
eight patients were evaluated for healing of scaphoid fractures; and the other four 
patients had miscellaneous disorders, including a midcarpal dislocation with a scaphoid 
fracture. High-resolution CT clearly showed whether the carpal fusions were united. In 
addition, metallic fixation devices were easy to locate and did not significantly degrade 
image quality. Osseous union of healing scaphoid fractures was reliably assessed. 

We conclude that high-resolution CT of the wrist is a useful method for evaluating 
surgical carpal fusions and various disorders of the scaphoid. 


Although CT has proved useful in evaluating numerous disorders of the muscu- 
loskeletal system, there have been relatively few reports on CT of the wrist. 
Publications have shown CT to be useful in the diagnosis of intraarticular loose 
bodies [1], radioulnar subluxation [2, 3], soft-tissue disease [4], trauma [5], and 
three-dimensional reconstruction for surgical planning [6]. A recent publication [7] 
compared axial and coronal sections in a series of 23 patients with a variety of 
pathologic conditions. However, we are unaware of any reports dealing specifically 
with the CT evaluation of the scaphoid, nor of any articles describing the CT 
evaluation of the postoperative wrist after intercarpal fusion. After describing 
relevant normal anatomy, we detail a useful protocol for examining the wrist with 
high-resolution axial CT; this protocol is applicable to scaphoid disease, intercarpal 
fusions, and other carpal disorders. 


Materials and Methods 


Thirty wrists in 27 patients were scanned on two General Electric 9800 scanners in a 9- 
month period ending in November 1986. Two patients had two scans of the same wrist, and 
in one patient, both wrists were scanned simultaneously to provide a normal wrist for 
comparison. Twenty-two of these patients had plain radiographs of the affected wrist within 
2 weeks of scanning, and all but two had radiographs within 6 weeks of their CT scans. 
Neither fluoroscopic manipulation nor tomography was performed. Midway through the study 
period, the scanners were upgraded to 9800 “Quick” capability. Scan parameters included 
bone reconstruction algorithm, 1.5-mm-thick contiguous sections, 120 kVp, 70-100 mA, and 
2 sec exposure/slice. The smallest reconstruction circie that could be used with a 512 x 512 
matrix was employed: 12.8 cm on the standard 9800 and 9.6 cm on the 9800 “Quick.” 

in most cases, the patient was positioned prone with the hand placed above the head and 
the palm resting flat on the table surface. if a scaphoid fracture was known or suspected, 
sections were obtained parallel to the long axis of the scaphoid by angling the forearm and 
wrist about 45° with respect to the long axis of the scanner gantry (Fig. 1A). During the first 
half of the study, all patients who had had previous surgical fusion were scanned in this 
position. During the course of the study, we found that patients with previous lunatotriquetral 
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or scapholunate fusion were better evaluated with the wrist and 
forearm parallel to the gantry axis, which orients the lunatrotriquetral 
and scapholunate joints nearly perpendicular to the plane of section. 
We continued to employ the angled technique for the scaphoid- 
trapezium-trapezoid (STT) fusions. Only the affected wrist was stud- 
ied in most patients. Coronal reformations were obtained in most 
cases. 


Results 


Normal Anatomy 


The 45°-angled scan of the forearm and wrist shows the 
scaphoid on its long axis (Figs. 1B-1D), as well as the 
scaphotrapezium, scaphotrapezoid, scapholunate, and radio- 
scaphoid joints. The trapeziotrapezoid and lunatotriquetral 
joints were often easier to see on nonangled sections. Carpal 
bones have a thin rim of cortical bone with a fine mesh of 
trabecular bone in the medullary space. The carpal joints 
orthogonal to the scanner plane appeared as a nonossified 
clear space; however, carpal joints parallel to the scanner 
plane were often difficult to visualize, even with 1.5-mm 
contiguous sections. Several patients in the series had a small 
circular lucency with a thin sclerotic rim penetrating the dorsal 
or ventral surface of the lunate. A previous anatomic study of 
the lunate indicates that these lucencies represent nutrient 
vascular foramina [8]. When indicated, the larger ligamentous 
and neurovascular structures can also be evaluated by ob- 
taining retrospective reconstruction of the images in the 
standard algorithm, which enhances soft-tissue detail. 
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Fig. 1.—A, Scout view of wrist in angled po- 
sition used to evaluate scaphoid fractures and 
carpal fusions. 

B, Proximal angled axial CT image showing 
distal radius (R), ulna (U), and proximal scaphoid 
(S). Positioning of wrist places dorsum at top of 
image. 







C, More distal image shows radius (R), ulna 
(U), and scaphoid (S). Proximal lunate (L) and 
Cea O S*S trapezium (Tm) also come into view. 


D, Still more distally, ulnar styloid (U), lunate 
(L), base of capitate (C), trapezium (Tm), and 
first metacarpal base (1) are sectioned. A small 
cortical defect in dorsal aspect of lunate (arrow) 
is thought to represent a nutrient foramen. 









Surgical Fusion 


Fifteen patients had had previous surgical fusion (nine SST, 
three lunate-triquetrum, and three miscellaneous). The bone 
grafts usually were placed on the dorsal aspect of the carpus. 
Usually CT scanning was done either for continuing wrist pain 
or instability after surgery even though enough time had 
elapsed to allow for healing or as a precaution in patients 
considered for advancement in postsurgical rehabilitative ther- 
apy. All but one of these patients had CT evidence of osseous 
fusion, diagnosed when a contiguous bony bridge could be 
shown between the carpal bones in question (Fig. 2). Small 
metallic fixation screws, present in seven cases, produced 
mild-to-moderate degradation of image quality, but useful 
diagnostic information was obtained in all cases. When the 
fused joint was still partially open, osseous bridging usually 
was observed adjacent to fixation screws or dorsally, at the 
bone graft. Furthermore, in two instances CT showed that 
the tip of a screw was in a faulty, intraarticular location (Fig. 
3). In both instances this finding was difficult to see on 
radiographs. One of the STT fusion patients also had a silastic 
lunate, which was clearly seen. Another patient with a solid 
STT fusion on CT developed a click in the wrist (on motion) 
several months after his scan. A follow-up study showed no 
interval change. The only case of an unsuccessful fusion seen 
on CT was that of a middle-aged man who had had an 
unsuccessful STT fusion. The patient continued to have pain 
on ulnar deviation of the wrist 4 months after a second 
attempt at fusion was made with a dorsal bone graft. Plain 
radiographs of the wrist were suspicious for nonunion, and 
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the CT scan clearly showed fusion of the trapezium, trape- 
zoid, and second metacarpal; however, a complete lucent 
zone and intraarticular eburnation and erosions between the 
distal scaphoid and the fused trapezium and trapezoid indi- 
cated nonunion of this carpal segment. 


Scaphoid Abnermalities 


Eight patients with fractures of the scaphoid were referred 
because of radiographic or clinical evidence of delayed union 
Or nonunion. CT showed four of these patients to have 
osseous bridging of the proximal and distal fracture frag- 
ments, indicating fracture healing. In two patients this osseous 
bridge traversed only a portion of the fracture line. Hence, on 
the radiograph, a radiolucent fracture line could be seen when 
in fact bony union was present. In the other four cases a 
persistent radiolucent defect was seen between the frag- 
ments, indicating nonunion (Fig. 4). These four patients also 
had eburnation, sclerosis, and subchondral cystic erosions at 
the fracture margins. A scaphoid nonunion seen in one patient 
was subsequently treated with orthopedic screw fixation, and 
a follow-up CT scan showed osseous bridging of the fracture 
fragments. 

One patient had a chronic perilunate dislocation with a 
rotary subluxation of the scaphoid. CT was used to diagnose 
a coexistent seaphoid fracture, which even in retrospect was 
not visible on plain radiographs because of bone overlap. One 
patient had posttraumatic avascular necrosis of the entire 
scaphoid (Fig. 5). CT showed increased density of the entire 
scaphoid with subtle subchondral collapse proximally. One 
patient had centinued wrist pain and weakness 6 months 
after a scapholunate ligament repair. CT showed postopera- 
tive changes im this patient consisting of a surgical defect in 
the scaphoid and a screw fragment in the lunate. Since the 


Fig. 2.—Section through fused scaphotrape- 
zium space (arrows) in a patient with previous 
surgical scaphoid-trapezium-trapezoid fusion. 
Note relatively minor degradation of image de- 
spite presence of three metallic screws. Trape- 
zoid (Tz), trapezium (Tm), scaphoid (S), lunate 
(L), and ulnar-styloid (U). A small fragment of a 
fixation screw is present in styloid from a pre- 
vious surgical precedure. 

Fig. 3.—Malpcsitioned screw used for carpal 
fusion with tip protruding into lumatocapitate joint 
space (arrow). Circular luceney with sclerotic 
border in lunate (arrowhead) caused by previous 
surgical wristpinning. Ulna (U),Junate (L), capi- 
tate (C), trapezoid (Tz), trapezium (Tm), and first 
metacarpal base (1). 


Fig. 4.—Ununited fracture of scaphoid (ar- 
rows). Sclerosis, eburnation, and cystic changes 
are present at fracture margins. Ulna (U), radius 
(R), trapezium (Tm), and first metacarpal (1). 


Fig. 5.—Posttraumatic avaseular necrosis of 
entire scaphoid (S). Note increased density of 
scaphoid in comparison with other carpal bones. 
Ulna (U), radius (R), lunate (L), and trapezium 
(Tm). 
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CT scan failed to reveal an osseous cause for the patient’s 
pain, he was advised to have a definitive STT fusion for pain 
relief and wrist stability. Another patient had pain of unclear 
origin after a scapholunate ganglion excision and dorsal sca- 
phoid ridge resection. CT scans showed a small cyst in the 
scaphoid, which was suspected to be an intraosseous exten- 
sion of the resected ganglion, but no other abnormalities. This 
patient was thus given the clinical diagnosis of scapholunate 
dorsal impaction syndrome and was managed successfully 
with antiinflammatory analgesics. 


CT-Radiographic Correlation 


In all cases, when the radiograph showed osseous union 
of a scaphoid fracture or a surgical fusion, the CT scan also 
showed a fusion. In 10 instances, CT showed a finding that 
was either not apparent or could only be poorly seen in one 
projection of the radiograph. Five of these cases were partially 
fused scaphoid fractures or intercarpal fusions in which the 
radiograph appeared to show an open joint or fracture line. 
Three scans showed inadvertent intercarpal fusion that was 
not detected clinically, and the remaining two instances were 
surgical screws with tips in an inappropiate intraarticular 
position. 


Discussion 
Surgical Fusion 


Treatment of scapholunate instability by various ligament 
reconstructive surgical techniques frequently proves to be 
unsuccessful on long-term follow-up [9]. As a result, an 
accepted alternative to ligament reconstruction has 


emerged—namely, scaphoid-trapezium trapezoid (STT) fu- 
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sion. STT fusion restores wrist stability and allows loading of 
the wrist without pain, all with only a minor decrease in range 
of motion. The procedure is simple and is often done on an 
outpatient basis at our institution. Postoperatively CT has 
proved useful in our series for gauging the success of STT 
fusion in patients with symptoms of pain or residual instability. 
The scanning plane, parallel to the long axis of the scaphoid, 
is optimal for evaluating the perpendicularly oriented scapho- 
trapezium joint space for osseous fusion. In no cases in our 
series did metallic fixation screws produce artifactual degra- 
dation of images significant enough to interfere with interpre- 
tation. Furthermore, CT frequently showed additional disease 
that was not known clinically and was not clearly apparent on 
the radiograph. 


Scaphoid Pathology 


Nonunion and avascular necrosis are common complica- 
tions of scaphoid wrist fractures. When radiographs were 
equivocal, thin-section complex motion tomography has been 
used to evaluate for fracture healing. Although effective, this 
method requires long exposure times, has unfavorable do- 
simetry as compared with that of CT, and is limited in its 
availability. Our series shows that high-resolution, angled- 
wrist axial CT of the wrist is a fast (20-30 min/examination) 
and reliable method of evaluating for scaphoid fracture non- 
union. We suggest that high-resolution CT of the scaphoid 
be performed when the radiographic findings are equivocal or 
when there is a significant discrepancy between the radio- 
graph and the patient's symptoms. Spot films of the scaphoid 
using fluoroscopic guidance might also prove useful, although 
this technique was not used in our study. CT, of course, is 
not a sensitive technique for evaluating avascular necrosis; 
bone scintigraphy or MR imaging are more sensitive tests for 
this condition. 

Biondetti et al. [7] compared axial and direct coronal CT of 
the wrist. The coronal scans were obtained with the wrist 
placed in a special wrist immobilizer. They concluded that the 
coronal technique was preferable for evaluating all wrist ab- 
normalities except distal radioulnar joint subluxation and ha- 
mate hook fractures. However, no cases of surgical fusion 
were included in their series. We believe that the angled axial 
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technique is excellent for imaging scaphoid abnormalities, 
since the scaphoid is viewed along its long axis. Furthermore, 
a direct coronal technique would not adequately image a 
surgical fusion when the bone graft is placed on the dorsal or 
volar surface of the carpus, causing the graft to be parailel to 
the plane of section. On the other hand, the axial plane places 
the CT section perpendicular to both dorsal and volar bone 
grafts, the optimal orientation for assessment. We also doubt 
that the special wrist immobilizer would be manufactured by 
many institutions, especially if wrist CT is not often performed. 
The angled axial technique, in contrast, can be obtained on 
any scanner that is capable of the high-resolution technique 
we describe. We agree that coronal images of the wrist are 
easier to interpret than axial images, and consequently we 
usually obtain coronal reformations to aid in interpretation. In 
addition, we found that the use of the bone reconstruction 
algorithm also helped in the interpretation of osseous disease. 

In summary, high-resolution CT scanning of the wrist in the 
axial plane has proved to be an efficient, reliable imaging 
technique for the evaluation of scaphoid disease and inter- 
carpal fusions. This examination, which requires no special- 
ized adaptations in most current CT equipment, has earned 
widespread acceptance by our clinicians. 
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Fluoroscopic Identification of 
Torn Intercarpal Ligaments 
After Injection of Contrast 
Material 





Wrist arthrography is often used to evaluate the integrity of the scapholunate and 
lunotriquetral ligaments. This may be difficult when the ligaments are obscured by 
contrast material in standard radiographic projections, despite filming under fluoroscopic 
observation during the injection of contrast material. When superimposition occurs, we 
recommend fluoroscopic positioning of the wrist to optimally visualize the individual 
ligaments in profile. We applied this technique in performing 240 wrist arthrograms, 88 
(37%) of which had scapholunate and/or lunotriquetral ligament tears. As a result, a 
definite diagnosis of the specific site of ligamentous disruption was possible in all but 
one case. Using this technique, we also identified six short-segment or “pinhole” 
ligamentous tears. 

identification of commonly interrupted ligaments in profile by using fluoroscopy after 
contrast material has been injected may allow identification of specific ligamentous 
disruptions or short-segment tears, as well as a diagnosis of a specific anatomic 
abnormality that otherwise would not be possible. 


Procedures for doing wrist arthrography have been described by several authors 
[1-9]. Various techniques have been suggested, and the importance of filming 
during the injection of contrast material to identify sites of abnormal intercarpal 
contrast passage has been shown [10]. Arthrographic anatomy of the scapholunate 
and lunotriquetral ligaments, the most commonly torn intercarpal ligaments, has 
been clearly presented [8]. Using the standard technique there may be difficulty 
determining which of these two ligaments is torn because of superimposition of 
contrast material in the radiocarpal joint [11]. This occurs on occasion despite 
fluoroscopic monitoring and spot filming during injection, because in some patients 
it is difficult to simultaneously position both the scapholunate and the lunctriquetral 
joints in optimal profile while injecting contrast material. For several years we have 
used a simple technique to clarify the status of the scapholunate and lunctriquetral 
ligaments when they are obscured by overlying contrast material. While doing this, 
we have discovered previously undescribed arthrographic features suggesting the 
existence of various-sized short-segment or “pinhole” tears of these ligaments. 


Materials and Methods 


We perform wrist arthrography, as described in a previous paper [10], by entering the 
radiocarpal joint dorsally, usually into the radioscaphoid or radiolunate regions cf the radi- 
ocarpal joint, away from the site of tenderness. To decrease the possibility of postprocedure 
synovitis, we use a contrast agent with a low iodine content (43% iothalamate meglumine) 
and add no epinephrine. Using dilute contrast material also lessens the chance of pooled 
contrast media obscuring anatomic detail. Filming is performed during injection to identify any 
site of communication between the radiocarpal and midcarpal joints, thus identifying the 
specific soft-tissue abnormality. Occasionally, despite careful fluoroscopic observation, con- 
trast material passes rapidly into the midcarpal joint, obscuring the scapholunate and/or the 
lunotriquetral ligaments and preventing identification of the specific tear site. When this 
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occurs, the wrist is fluoroscopically positioned to place the individual 
scapholunate and lunotriquetral ligaments in profile. The projection 
that best shows each ligament in profile may vary, requiring slight 
supination, pronation, extension, or flexion of the wrist or elevation 
of the forearm (Figs. 1 and 2). The intact ligament will present as a 
space between contrast material in the intercarpal joint outlining the 
distal surface of the scapholunate or lunotriquetral ligament and 
contrast material in the radiocarpal joint outlining the proximal surface 
of the respective ligament (Figs. 1B and 2B). 


Results 


Of the first 240 wrist arthrograms performed using this 
technique, 167 (70%) were abnormal, 88 (37%) of which had 
scapholunate and/or lunotriquetral ligament tears. In only one 
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(1%) of these 88 cases was there uncertainty about the 
specific tear site. The uncertainty was thought to be due to 
faulty technique; the case occurred early in our experience. 
In six additional cases, there were features suggesting a small 
pinhole tear of the lunotriquetral or scapholunate ligament 
(Figs. 3 and 4). A final case had a defect of uncertain nature 
involving the proximal surface of the scapholunate ligament. 
In none of the 240 cases was the density of the contrast 
material such that the pertinent anatomic information could 
not be displayed. 


Discussion 


Specific procedures to treat tears of the scapholunate and 
lunotriquetral ligaments have been devised and are continuing 


Fig. 1.—Lunotriquetral ligament 
tear; intact scapholunate ligament. 

A, Contrast material passes through 
a defect (arrowhead) in lunotriquetral 
ligament. Scapholunate joint space is 
not in profile. 

B, With slight overpronation, placing 
scapholunate joint in profile, contrast 
material fills scapholunate joint from 
midcarpal joint to outline distal surface 
of intact scapholunate ligament (arrow- 
head). Contrast material in radiocarpal 
joint outlines proximal surface of sca- 
pholunate ligament (arrow). 


Fig. 2.—Torn scapholunate liga- 
ment; intact lunotriquetral ligament. 

A, Contrast material fills scapholun- 
ate ligament area and appears to pass 
through lunotriquetral ligament. How- 
ever, on close inspection, a small filling 
defect (arrowhead) is in area of luno- 
triquetral ligament. 

B, With obliquity and dorsiflexion of 
wrist, intact lunotriquetal ligament (ar- 
rowhead) is more clearly outlined. 


AJR:149, October 1987 


Fig. 3.—Pinhole tear of scapholunate liga- 
ment; normal iunotriquetral ligament. 

A, A smail amount of contrast material has 
entered scapholunate and midcarpal joints. Con- 
trast material fills a large scapholunate defect 
(arrow). 

B, With slightly different obliquity in pronation, 
lack of continuity in column of contrast material 
between radiocarpal and scapholunate joints 
(arrow) shows that this is a portion of the sca- 
pholunate ligament that is intact. A space (arrow- 
head) between contrast material in lunotriquetral 
and radiocarpal joints represents intact lunotri- 
quetral ligament. This is only faintly outlined 
owing to the small amount of contrast material 
that has entered the lunotriquetral joint. 

C, In a neutral supinated position, disconti- 
nuity (arrowhead) between contrast material in 
radiocarpal amd scapholunate joints indicates 
that this ligament is intact at this site. 

D, With supination and radial deviation, con- 
tinuity of contrast material (arrow) in scapholun- 
ate and radiocarpal joints confirms scapholunate 
defect. Separation of contrast material (arrow- 
head) between lunotriquetral and radiocarpal 
joints confirms presence of an intact lunotrique- 
tral ligament. 


to evolve [T2]. The surgeon sometimes needs to know which 
ligament is torn before making final decisions about a treat- 
ment plan. Identification of a focal ligament tear must then be 
weighed with other aspects of the physical examination to 
determine if the ligamentous defect is significant. 

Wrist arthregraphy provides a reliable method of detecting 
defects of the intercarpal ligaments, radial and ulnar capsule, 
and triangular fibrocartilage, as well as other abnormalities. 
The use of fluoroscopy to show the scapholunate and luno- 
triquetral ligaments individually in profile allows specific iden- 
tification of the tear either when these two ligaments are 
otherwise obscured or when the site of communication with 
the midcarpa! joint is missed initially. 

One potential cause of an abnormal arthrogram is a short- 
segment orpinhole tear in a ligament (Fig. 3). The abnormality 
can be shown by sequential fluoroscopic identification of the 
ligament in the region of interest while changing the degree 
of wrist extension and abduction. A pinhole defect can be 
diagnosed when contrast material passes through a ligament 
from the radiocarpal into the midcarpal joint in one region, 
while adjacent to the abnormality the ligament presents as a 
nonopacified space (Fig. 4). 

The possibility of a pinhole defect warrants a search for 
this type of tear during arthrography. Fluoroscopic identifica- 
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Fig. 4.—Diagram of intercarpal ligament pinhole tear with wrist flexed. 
R = radius, L = lunate, S = scaphoid, T = triquetrum, U = ulna. 


tion of both scapholunate and lunotriquetral ligaments in 
profile to detect these small defects may be particularly helpful 
in patients with filling of the midcarpal joint who have normal 
routine arthrographic radiographs. 

Fluoroscopic identification of ligaments in profile after con- 
trast injection has been a valuable procedure, allowing us to 
define specific carpal abnormalities not apparent using con- 
ventional arthrographic radiographs. 
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Hemangiomas of Skeletal 
Muscle: MR Findings in Five 
Patients 





Skeletal muscle hemangiomas are uncommon tumors of young adults. More than 30% 
are misdiagnosed preoperatively. Piain-film examinations, bone scans, CT studies, and 
angiography may not always be specific for this tumor. Seven MR examinations were 
performed in five young adult patients with pathologically proved skeletal muscle 
hemangiomas. All five hemangiomas showed high signal intensity on both T1- and T2- 
weighted images. The signal intensity in these tumors was less than that of subcuta- 
neous fat on relatively T1-weighted images and greater than that of fat on relatively T2- 
weighted images. Four tumors had a serpiginous pattern. Four patients had focal muscle 
atrophy. Three patients had all three findings (high signal intensity on both T1- and T2- 
weighted images, serpiginous pattern, and associated focal muscle atrophy) while the 
other two patients had at least two of the three findings. These three patients did not 
undergo angiography or needle biopsies before surgery because the MR findings were 
highly suggestive of hemangioma. 

Our experience with this small series of patients suggests that skeletal muscle 
hemangiomas have a consistent appearance on MR. MR may be able to contribute 
significantly to the preoperative diagnosis of this tumor and may also supply valuable 
information about the extent of the lesion. 


Skeletal muscle hemangiomas (SMHs) are uncommon, benign tumors [1-11] 
that occur in young adults. Plain radiographic examinations, nuclear medicine 
scans, and CT studies may not always be specific for this entity [1-4, 7-10]. 
Although angiography usually supplies a more definitive diagnosis of SMH, differ- 
entiation between malignant and benign soft-tissue tumors by this technique may 
at times be difficult [9, 11, 12]. Over 90% of SMHs are misdiagnosed preoperatively 
because Clinicians often fail to consider the diagnosis and because SMHs are often 
deep seated and extremely variable in size and consistency [1, 2, 4, 7, 8]. There 
is typically a lag (1-2 years) between the onset of symptoms and the final diagnosis 
[1, 9], and many patients have numerous biopsies without a definitive tissue 
diagnosis [2, 3]. A noninvasive diagnostic technique with a higher sensitivity and 
specificity would be advantageous for early diagnosis of SMH to facilitate complete 
resection and to prevent complications, including recurrence, deformity, and ino- 
perability. The use of MR in the diagnosis of musculoskeletal neoplasms has been 
reported [13, 14]. The purpose of this report was to evaluate the MR findings in 
five pathologically proved hemangiomas. 


Materials and Methods 


Seven MR examinations were performed in five young adults (four men, one woman) 17- 
21 years old with pathologically proved SMHs. One patient had a second MR study (2 months 
after the first) before surgery in order to differentiate a hematoma from SMH. One patient 
had a second MR study 22 months after surgery to rule out recurrence. Three patients had 
lesions in the lower extremities, and two had lesions in the upper extremities. All five patients 
had symptoms of pain with duration ranging from 9 months to 5 years (mean, 31 months). 
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Only two patients had a palpable mass. Two patients had muscle 
atrophy. One of these also had a palpable mass. One patient had 
limb overgrowth. One patient had skin hypersensitivity overlying the 
muscle. Two patients had two previous needle biopsies each and 
two patients had one previous needle biopsy; all were nondiagnostic. 
All patients had plain radiographic examinations; however, only two 
patients had plain-film abnormalities. Radiographs in these cases 
showed phleboliths, with one also having bony changes from pres- 
sure erosion. Four patients had °°"Tc-MDP bone scans; all showed 
soft-tissue hyperperfusion on both perfusion and blood-pool phases. 
Two patients had CT scans that showed enhanced soft-tissue 





A 


Fig. 1.—Hemangioma of vastus medialis in 18-year-old man. Sagittal 
MR scans show high signal intensity. 

A, Relatively T1-weighted image (TR = 683 msec, TE = 26 msec). 
Signal-voided vessels may represent feeding artery (arrow). 

B, T2-weighted image (TR = 2000 msec, TE = 80 msec). Enhanced 
vessels may represent slow-flowing draining veins (arrow). Contrast be- 
tween skeletal muscle hemangioma and normal muscle is much greater in 
B than in A. 





Fig. 2.—Hemangioma of vastus intermedius in 17-year-old man. 

A, Axial T1-weighted image (TR = 1083 msec, TE = 20 msec) shows 
serpiginous high-signal-intensity lesion (arrow) involving right vastus in- 
termedius with focal muscle atrophy. 

B, Coronal T2-weighted image (TR = 2016 msec, TE = 100 msec) shows 
extremely high signal in this lesion with serpiginous pattern. 
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masses. Two patients had angiograms; one was positive for SMH. 
Both angiograms were initially obtained to exclude malignancy or 
arteriovenous malformation. 

All MR examinations were performed with a 0.5-T superconducting 
MR imaging unit (Picker International). Relatively T1-weighted images 
were obtained by using the spin-echo technique with a repetition time 
(TR) = 450-1083 msec and an echo time (TE) = 20-26 msec. 
Relatively T2-weighted images were obtained by using a spin-echo 
pulse sequence with a TR = 2000-2350 msec and TE = 80-100 
msec. Images were obtained in multiple planes with 1.0-cm slice 
thicknesses. 


Results 


MR showed intramuscular masses in all five patients, only 
two of whom had palpable masses. All lesions showed high 
signal intensity on both T1- and T2-weighted images. The 
high signal intensity was lower than that of subcutaneous fat 
on T1-weighted images and higher than that of subcutaneous 
fat on T2-weightec images. A serpiginous pattern of high 
signal intensity w: -een in four of the five patients. In the 
patient without a serpiginous pattern, no significant change 
was seen on the second MR study 2 months later. Therefore, 
hematoma was ruled out, and a diagnosis of SMH was made 
before surgery without biopsy or angiography. The best con- 
trast differentiation between the hemangioma and the sur- 
rounding normal tissue was seen on T2-weighted images. 
The extent of involvement was precisely shown by MR and 
better outlined on T2-weighted images. 

A single muscle group (Figs. 1-3) was involved in all three 
patients with lesions in the lower extremities, including vastus 
medialis (two patients) and vastus intermedius (one patient). 
Several muscle groups were involved in the two patients with 
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Fig. 3.—Hemangioma of vastus medialis in 18-year-old man. T1-weighted (TR = 550 msec, TE = 26 msec) (A) and T2-weighted (TR = 2000 msec, TE 
= 80 msec) (B) images show high-signal-intensity skeletal muscle hemangioma (arrows) of right vastus medialis measuring 2 x 1.5 x 1 cm. Serpiginous 


pattern is not seen. 


lesions in the upper extremities, including pronator teres and 
supinator in one patient (Fig. 4) and abductor pollicis longus, 
extensor pollicis longus, and supinator in the other (Fig. 5). 
One patient with multiple lesions in the upper extremity 
showed recurrence on the second MR study 22 months after 
surgery. 

Associated muscle atrophy was shown by MR in four 
patients, while measurable muscle atrophy was noted in two 
patients only during physical examination. Muscle atrophy 
was not shown in one patient by either MR or physical 
examination (Fig. 4). The image quality of the upper extremity 
(Figs. 4 and 5) was usually inferior because of the difficulty in 
using surface or head coils and the off-center and awkward 
position ef the patient. Possible feeding vessels were identi- 
fied in two patients. 


Discussion 


The efficacy of MR in the diagnosis of SMHs is increased 
by the distinct tissue contrast between normal muscle and 
the hemangioma on both T1- and T2-weighted images, be- 
cause the relaxation time (long T1, short T2) of normal muscle 
provides the relatively dark background to enhance visuali- 
zation of hemangiomas. Furthermore, each muscle group can 
be identified readily because of the distinct intramuscular fat 
planes between the relatively dark muscle groups. Tumor 
extension is better outlined by MR than by other methods, as 
shown in our cases, because of its multiplanar capability and 
the distinct contrast between normal muscle and the heman- 
gioma. 

In our studies, all five hemangiomas showed high signal 
intensity on both T1- and T2-weighted images when com- 
pared with normal muscle. They were less bright than the 
subcutaneous fat on the T1-weighted images but much 
brighter than the subcutaneous fat on the T2-weighted im- 
ages. Slew flow, thrombosis, occluded vessels, pooling of 
large ameunts of blood within the dilated sinuses, and various 
amounts of adipose tissue can certainly account for some, if 
not all, of the causes for variations in high signal intensity on 


both T1- and T2-weighted images in hemangiomas. Heman- 
giomas appear even brighter on T2-weighted images, which 
may be due to higher contrast between the prolonged T2 of 
the lesion and relatively short T2 of normal muscle. 

A case of recurrence due to incomplete resection of the 
superficial muscle group and inaccessibility of the deep mus- 
cle group was shown on a follow-up study. One hemangioma 
did not show a serpiginous pattern but did show high signal 
intensity on both T1- and T2-weighted images with muscle 
atrophy (Fig. 3). For this patient, a second MR study (2 months 
after the first) was needed because the possibility of a he- 
matoma could not be excluded. Three patients who had 
serpiginous, high-signal intramuscular lesions and muscle 
atrophy had no further procedures before surgery because 
the MR findings were highly suggestive of SMH. In one case, 
muscle atrophy was not evident by either MR or physical 
examination (Fig. 4). This may have been caused by the 





A B 


Fig. 4.—Hemangioma of pronator teres and supinator in 21-year-old 
man. 

A, Relatively T1-weighted image (TR = 900 msec, TE = 26 msec) shows 
high-signal-intensity lesions involving pronator teres (curved arrow) and 
supinator (straight arrows). 

B, T2-weighted image (TR = 2350 msec, TE = 80 msec) shows the 
same lesions with higher signal intensity. Again, contrast between skeletal 
muscle hemangioma and normal muscle is much greater than in A. 
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Fig. 5.—Hemangioma of abductor pollicis longus, extensor pollicis lon- 
gus, and supinator in 21-year-old woman. 

A, Sagittal T1-weighted image (TR = 450 msec, TE = 26 msec) shows 
vertically oriented high-signal-intensity lesion (arrow) along interosseous 
septum. 

B, Axial T2-weighted image (TR = 2000 msec, TE = 80 msec) shows 
mass (arrow) with serpiginous pattern of high signal intensity. 


combination of increased volume of tumor mass and the 
decreased volume from muscle atrophy resulting in a zero 
net volume change in the involved muscle group. For a similar 
reason, MR detects muscle atrophy more often than physical 
examination does because the latter can only measure the 
overall size externally, whereas MR can measure separately 
the size of each individual muscle group and the tumor. 
Physical examination revealed both a palpable mass and 
measurable muscle atrophy in only one patient, whereas MR 
revealed both atrophy and tumor in four patients. 

Whenever focal soft-tissue swelling is seen in the region of 
skeletal muscle in young adults, the possibility of a heman- 
gioma should be considered [2], especially after repeated 
nondiagnostic aspirations and when associated with muscle 
atrophy. SMH can be misdiagnosed as lipoma, soft-tissue 
sarcoma, lymph node, and herniation [2]. MR findings may 
be useful in differentiating these causes. Lipoma shows a 
high signal intensity equal to that of cutaneous fat on both 
T1- and T2-weighted images. Other types of soft-tissue tu- 
mors and abnormality usually do not show high signal intensity 
on T1-weighted images and thus may be differentiated from 
hemangioma easily by MR. When hemorrhage or necrosis 
occurs within other types of soft-tissue tumors, the subacute 
blood [15, 16] or proteinaceous material may produce high 
signal intensity on both T1- and T2-weighted images. How- 
ever, the pattern of signal intensity within these tumors tends 
to be focal and homogeneous, whereas overall serpiginous 
patterns within a lesion and muscle atrophy are more likely to 
be seen in hemangioma. 
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Conventional plain-film, nuclear medicine, and CT studies 
may not always be specific for the diagnosis of SMH. Four 
bone scans and two CT scans in our series were nonspecific. 
Angiography is invasive and may not always be pathogno- 
monic. In our study only two of five plain films and one of two 
angiograms were positive for SMH, whereas all the MR 
examinations were positive, and had the additional capability 
of outlining the exact extent of involvement. Most importantly, 
because of the MR findings the last three patients did not 
need angiography or needle aspiration. 
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Sonography of Thigh 
Abscess: Detection, Diagnosis, 
and Drainage | 





Sonographic characteristics and percutaneous catheter drainage of thigh abscesses 
in 18 patients are described. Most of these patients had underlying diseases including 
osteomyelitis, trauma, diabetes mellitus, rheumatoid arthritis, leukemia, lymphoma, 
sepsis, bleeding dyscrasia, and autoimmune disease. Previous procedures on these 
thigh collections included seven operations and 12 nondiagnostic ward aspirations. All 
collections were shown by sonography to be either anterior or anterolateral. Two cases 
referred for drainage were posteromedial; sonography showed these to be mycotic 
pseudoaneurysms. The abscesses were either anechoic or hypoechoic, and occasion- 
ally had debris and septations. Abscesses associated with underlying osteomyelitis 
abutted the femur; those related to other causes generally were more superficial within 
muscle or fascial layers. Sonographically guided catheter drainage successfully cured 
all patients, even those in whom ward aspiration or formal surgery had been unsuc- 
cessful. 

Sonography is a simple and inexpensive method of imaging and guiding the drainage 
of thigh abscesses. Percutaneous catheter drainage is the treatment of choice in cases 
in which simple emergency room or ward incision and drainage are inadequate. 


Thigh abscesses usually occur as a result of local trauma or infection. Most 
frequently they are treated by incision and drainage in the emergency room. 
Occasionally, the diagnosis of thigh abscess may be difficult or delayed [1-4]. This 
results in inadequate therapy, which in turn can lead to significant morbidity and 
even fatality [1, 2, 4]. 

Abscesses that are relatively superficial, such as those in the thigh, are particu- 
larly amenable to sonographic evaluation and diagnostic needle aspiration. In the 
past 3 years, we have examined and percutaneously drained thigh abscesses in 
18 patients by using sonography. Many of these cases were refractory to ward 
aspiration or surgical drainage. We will describe the sonographic characteristics of 
these abscesses and the results of catheter drainage. The diagnostic specificity, 
simplicity, and efficacy of percutaneous drainage suggest that this is the therapy 
of choice in difficult cases. 


Materials and Methods 


The patients (10 men, eight women) ranged in age from 9 to 74 years. in all cases the 
abscesses were unilateral, with the right leg being affected in 10 patients and the left leg in 
eight. Underlying diseases included osteomyelitis (four patients); trauma (four patients); 
diabetes mellitus (three patients); and lymphoma, leukemia, rheumatoid arthritis, sepsis, 
bleeding dyscrasia, and autoimmune disease (one patient each); in one patient, no underlying 
disease was known. Nonguided attempts at aspiration were performed in 12 patients on the 
ward. Seven patients had had previous surgery for these abscesses; one patient had had 
two operations. These nonradiologic procedures usually were performed within weeks before 
radiologic imaging and intervention. 

All patients were scanned with commercially available static and real-time sonographic 
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Fig. 1.—Sonographic imaging and percutaneous drainage for diagnosis and cure of thigh abscess after multiple unsuccessful aspiration attempts on 


the hospital ward. 


A, Transverse sonogram shows a large, almost anechoic abscess (arrows) anterior to the femur (F). An 8-French catheter was placed by the trocar 


method using sonographic guidance (arrowheads). 


B, Parasagittal sonogram with the catheter (arrows) coiled in the collection. F = femur. 
C, Six days after drainage, transverse sonogram shows resolution of abscess with irregular healing myositis (arrows). Abscess was cured and catheter 


was removed after 8 days. 


units, using 3.5- and 5-MHz transducers. Follow-up sonograms were 
performed in nine patients. A CT scan was performed in one patient. 
Plain radiographs were obtained in all patients; underlying chronic 
osteomyelitis was the major osseous finding, while nonspecific soft- 
tissue swelling was seen most frequently. Acute osteomyelitis was 
not present in our patients. Two cases showed vascular pulsations 





on sonography. These pseudoaneurysms were treated with angiog- 
raphy and surgery rather than with needles and catheters. 

In all patients, percutaneous aspiration and catheter drainage were 
performed using sonographic guidance. Catheter insertion was done 
by the trocar method in tandem with an initial localizing 22-gauge 
needle. The positions of the needles and catheters were well visual- 


Fig. 2.—This 37-year-old leukemic patient 
with a bleeding dyscrasia developed thigh swell- 
ing and fever. 

A, High-resolution parasagittal sonogram 
shows both walls of 12-French sump catheter 
(arrows) in hypoechoic thigh abscess. Note 
quadriceps muscle complex (M) deep to the 
more superficial abscess (A). 

B, Sinogram shows irregular, clot-filled, su- 
perficial collection that extends cephalad to, but 
not into, the hip. Drainage was successful after 
17 days. 
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ized in most cases. Timing of catheter withdrawal depended on 
Clinical (cessation of drainage), sonographic (no residual fluid collec- 
tion), and sinographic (obliteration of the cavity) results [5, 6]. Con- 
comitant biopsy was performed in six patients in whom infected 
tumor was a diagnostic consideration. 


Results 
Sonographic Findings 


Sonography showed the collections to be relatively hypo- 
echoic in each patient; four abscesses were almost entirely 
anechoic. Eight collections were discrete, while five were 
poorly marginated and another five were mixed (sharp in 
some areas and ill-defined in others) (Fig. 1). Surrounding the 
anechoic fluid portions were irregular echogenic areas, 
thought to represent an inflammatory reaction in the adjacent 
muscle. The size of the abscesses varied from 4 to 15 cm in 
length. Parasagittal sonograms showed cephalocaudal exten- 
sions of the collections quite well. In eight patients, the 
collection was located deep to the subcutaneous tissues, but 
superficial to the quadriceps femoris musculature (Fig. 2). In 
10 patients, the collections abutted the femur (Fig. 3). No 
patient had septic arthritis of the hip. Septations or loculations 
were seen in six cases. Gas was not seen in the abscesses 


Fig. 3.—This 24-year-old man had chronic 
osteomyelitis of the right femur. He had previ- 
ously hadesurgery for a thigh abscess. 

A, Transverse sonogram shows a deep thigh 
abscess (arrows) abutting the femur. This is a 
characteristic location for osteomyelitis-related 
thigh abseess. 

B, initial sinogram shows a large irregular 
anterolateral cavity. Note underlying abnormal 
femur. 7 days later, cavity became obliterated 
and catheter was removed. 
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by sonography. All collections were anterior or anterolateral; 
none was posterior. After drainage, follow-up sonograms 
showed resolution of the hypoechoic fluid collections. 


Percutaneous Drainage 


Catheters were placed in 15 patients; single-step needle 
aspiration and drainage were used in two patients; and an 
18-gauge sheath for drainage was used in one patient. Two 
catheters each were inserted in three patients. Twelve-French 
double-lumen sump catheters (straight or curved tip, Medi- 
Tech, Watertown, MA) were used in nine patients; 8.2- and 
9.4-French Sacks catheters (Elecath, Rahway, NJ) were used 
in six patients. All catheters were inserted by the trocar 
method after fine-needle localization. 

After aspiration of purulent contents, saline irrigation was 
performed at the time of the procedure and on the ward. 
Cultures were positive in 17 patients. Two cases were con- 
sidered to be infected hematomas. Cultures of the recovered 
fluid grew a variety of organisms, the most common one 
being Staphylococcus aureus. Antibiotics were administered 
in all patients. In one patient who had been on antibiotics, 
there was a cloudy material that was culture negative. All 
biopsy specimens were negative for tumor. 
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Percutaneous drainage was successful in all patients: none 
required subsequent surgery and none had recurrence of 
Symptoms or signs. All patients have been followed for more 
than 1 year. Fever decreased within 24 hr in 12 patients. The 
duration of catheter drainage was from 1 day to 3 weeks 
(average, 9 days). Single-step drainage sufficed with small 
(15 ml) collections. All patients were managed initially as 
inpatients. Patients started walking within 3 days of drainage 
routinely. Eight patients were followed as outpatients with 
their catheters in place. Catheters were removed after clinical, 
sinographic, and sonographic evidence of healing. In three 
patients, the disease extended to the hip (seen on sinogram 
and CT). No specific complications were encountered. Two 
catheters came out prematurely (after 6 and 9 days of drain- 
age); however, these patients remained well and no further 
procedures were required. 


Discussion 


Thigh abscesses can be diagnosed and effectively drained 
by using sonographic guidance. Sonography serves to detect 
the abscess and its extent and to differentiate potentially 
hazardous pseudoaneurysms that are inappropriate for 
needie aspiration [7]. Catheter drainage proved adequate, 
even if ward aspiration or surgery previously had been unsuc- 
cessful. 

In many cases, thigh abscesses are diagnosed by history 
and physical examination and are treated with incision and 
drainage on an outpatient basis. However, thigh abscess may 
be difficult to diagnose or refractory to therapy, or it may 
Signal an occult underlying problem. Underlying diseases are 
common with thigh abscess; for example, intraabdominal 
processes may manifest themseives as extensions into the 
thigh. These disorders include perforated colorectal neo- 
plasms, traumatic inflammatory disorders, renal and ureteral 
infections, psoas abscesses, and small-bowel (e.g., Crohn) 
and periappendiceal abscesses [1-4, 8-10]. If tumor is sus- 
pected, a biopsy should be performed along with the drainage. 

Sonographic guidance for thigh abscess is simple and cost- 
effective. Needles and catheters are observed during their 
insertion using real-time sonography. Undrained collections 
or separate loculations require a second catheter (three pa- 
tients in our series). CT was not necessary for diagnosis or 
therapy. 

Each collection in our series was hypoechoic on sonogra- 
phy [11, 12]. There was variability as some abscesses had 
debris, some had loculations, and a few were entirely ane- 
choic. Inhomogeneous echogenic tissue adjacent to the ab- 
scesses probably was caused by inflammatory myositis. The 
abscesses were caudal to the inguinal region, a location that 
helped differentiate the abscesses from hernias [13, 14]. On 
the basis of the sonographic appearance, hypoechoic tumors 
could not be exciuded with confidence; in fact, tumor was the 
preprocedure diagnosis (albeit incorrect) in two patients. Soft- 
tissue biopsy was performed along with drainage when un- 
derlying tumor was a consideration. 

Percutaneous drainage of thigh abscesses using sono- 
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graphic guidance is technically straightforward. Standard lo- 
calization with 22-gauge needles is followed by simple trocar 
insertion of the catheters. When collections were multilocu- 
lated or bicompartmental, two catheters are required. Viscous 
material is better evacuated by large-bore multihole sump 
catheters to maximize drainage. Sinography shows the ex- 
tent, size, and extensions of the abscesses. Clinical status 
dictates the duration of the drainage, which averaged 9 days 
in Our patients. Early ambulation was encouraged and many 
patients were managed mainly as outpatients. 

Sonographic detection and guidance for percutaneous 
drainage is a highly effective method for the diagnosis and 
treatment of thigh abscesses. Sonography delineates the 
characteristics and dimensions of the abscesses and provides 
excellent guidance for needle and catheter placement. This 
treatment is both effective and relatively cost-efficient, espe- 
cially in comparison with open surgery; CT is unnecessary, 
and multiple “blind” ward taps or surgery may be obviated 
entirely. Those patients in whom conventional incision and 
drainage have been unsuccessful are particularly suitable for 
sonographically guided percutaneous therapy. 
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Treatment of Frostbite with 
IV Streptokinase: 
An Experimental Study in Rabbits 





Experiments were conducted in 32 rabbits to determine whether treatment with IV 
streptokinase can effectively limit the extent of tissue damage associated with frostbite 
injury of the hind limbs. Other variables studied were the temperature of the tissue 
during freezing, the time taken to rewarm the exposed limbs, and the delay between 
the initiation of treatment with streptokinase and cessation of freezing. A control group 
of 16 rabbits was not given streptokinase. The extent of tissue damage was estimated 
by sequential radionuclide perfusion scans of the exposed limbs. This estimate was 
based on the proportional loss of tissue perfusion on subsequent twice-weekly nuclear 
scans in comparison with that shown by scans performed immediately after thawing. 
Pathologic changes in exposed tissues were studied by histology. 

Streptokinase treatment and rapid rewarming both resulted in less tissue damage at 
all freezing temperatures. Streptokinase was most beneficial when given 12 hr after 
freezing, but was effective even when treatment was delayed up to 48 hr. 


The major cause of irreversible tissue damage in frostbite is ischemia due to 
thrombosis of damaged vessels. Preservation of blood flow to injured tissues is 
thus of great importance in clinical management of patients with frostbite. We 
previously reported the value of radionuclide imaging to monitor perfusion abnor- 
malities in patients with frostbite [1] and described an experimental mode! to study 
frostbite in rabbits [2]. In the latter study we demonstrated the value of rapid limb 
rewarming for limiting tissue necrosis. 

In the present study we used the same experimental model to study the effect 
of IV streptokinase treatment, with and without associated rapid rewarming, on 
the degree of tissue damage produced by frostbite in rabbits. 


Materials and Methods 


Thirty-two adult rabbits weighing between 3 and 4 kg were used. The hind limbs of the 
animals were clipped free of hair from the ankle joints distally. General anestnesia was 
achieved with 40 mg/kg ketamine hydrochloride and 9 mg/kg xylazine hydrochloride by 
intramuscular injection. A thermocouple was implanted deep within the tissues of the second 
intermetatarsal space. The hind limbs were immersed to the ankle joints in a freezing mixture 
of ice cubes, rock salt, and 240 mi (8 oz) of water. The mixture was kept at a constant 
temperature of —19°C. The designated tissue temperatures were obtained by removing and 
reimmersing the limbs several times until the specific tissue temperature was achieved as 
recorded by the tissue thermocouple. The 32 rabbits were divided into four groups according 
to the final tissue temperature. These represented 1°C increments of temperature reduction 
between —11°C and —14°C. The duration of exposure to the freezing mixture was 30 min 
for all rabbits. 

Upon removal of the limbs from the freezing mixture, the limbs were positioned over the 
face of a large field-of-view gamma camera fitted with a low-energy, high-resolution collimator. 
A bolus of 4 mCi (148 MBq) of "Tc pyrophosphate was injected into the rabbit's ear vein. 
A flow study was obtained by taking images at 2 sec/frame for a total of 16 frames. immediate 
blood pool images were obtained, collecting 400,000 counts. The right hind limb of each 


rabbit was then immersed in a waterbath at a temperature of 38- 
39°C for 20 min, while the left hind limb was kept at room tempera- 
ture. Blood pool images of both feet were then obtained, collecting 
400,000 counts. The rabbits were then returned to their cages, with 
the cannula taped in the ear vein. IV injection of 3000 units/kg body 
weight of streptokinase was started at intervals of 12, 24, or 48 hr 
and was repeated every 24 hr for a total of five to six doses. The 
time between the injury and the first streptokinase treatment was 
adjusted to the period of reperfusion of the limb at the corresponding 
level of final tissue temperature determined from our previous exper- 
iments [2]. In each injection, half of the dose was given as a bolus 
and the other half was infused over 30 min. 

In the -11°C group, four rabbits received their first injection of IV 
streptokinase at 24 hr, and the injections were repeated every 24 hr 
for a total of five doses. The other four rabbits in this group were first 
treated at 48 hr and then every 24 hr for a total of five treatments. In 
the —12°C and —13°C groups, four rabbits from each group received 
their first treatment at 12 hr and then every 24 hr for a total of six 
doses. The other half of these two groups received their first strep- 
tokinase treatment at 24 hr and then every 24 hr for a total of five 
treatments. The rabbits whose limbs were frozen to a final tissue 
temperature of -14°C all received their first streptokinase treatment 
at 12 hr and then every 24 hr for a total of six treatments. 

Twice-weekly follow-up nuclear scans of the frozen limbs were 
obtained for 5-6 weeks. All the rabbits were treated with broad- 
spectrum prophylactic antibiotics by intramuscular injection. 

The final extent of tissue damage in each limb was estimated from 
the proportion of the exposed tissue bulk that failed to show perfusion 
on the subsequent nuclear scans compared with that shown on 
scans performed immediately after thawing (Figs. 1-3). The portion 
of each limb exposed to freezing consisted of the four digits and the 
contiguous segment of the limb distal to the ankle joint. The digits 
made up approximately 50% of the bulk of the tissue exposed and, 
when perfused, were readily identified as individual structures on the 
nuclear scans. 

All of the rabbits were then killed and their limbs were submitted 
for pathologic examination. Two specimens from each treatment 
category and from the control group were examined. 

The excised paws were initially fixed in 10% neutral buffered 
formalin and were then transferred to a solution of 4% formaldehyde 
and 20% formic acid for decalcification. The decalcified paws were 
sectioned at 1-cm intervals beginning at the most distal phalanges, 
and 3-mm slices were taken for histologic preparations. Four slices 
per paw were routinely prepared. The slices were further decalcified, 
if necessary, and then returned to a 10% neutral buffered formalin 
solution and processed and paraffin-embedded using standard pro- 
cedures. Histology slides were prepared and stained with hematoxylin 
and eosin using standard techniques, except that extra time was 
allowed in the hematoxylin stain to attempt to counter the effects of 
the decalcification procedure. 

The histologic preparations were evaluated for extent of necrosis, 
inflammation, edema, and thrombosis as well as for reactive tissue 


Fig. 1.—Blood pool image of 
normal left (L) and right (R) feet 
of a rabbit. 





changes by one of us who was blinded as to the treatment protocol. 

Comparison between study groups and contro! groups, not includ- 
ing the pathologic data, was by analysis of variance followed by the 
Sheffe post hoc procedure [3]. 


Results 


There was less tissue necrosis in limbs treated with strep- 
tokinase after freezing than in limbs not so treated. This was 
the case at all levels of tissue-freezing temperature, and was 
true regardiess of whether the limbs were rewarmed rapidly 
or slowly. The differences between groups were shown to be 
Statistically significant at temperatures of —12°C, —13°C, and 
—14°C (p < .001 in each case) (Table 1). In limbs frozen to 
only —11°C, streptokinase treatment and rapid rewarming 
both resulted in complete protection from tissue damage 
judged by nuclear scans and gross inspection. Thirty-five 
percent tissue loss occurred at this temperature level in limbs 
that were not treated with either streptokinase or rapid re- 
warming. The limbs that appeared grossly normal on scanning 
and physical inspection, however, did show a mild degree of 
bone necrosis, with new bone formation in the distal pha- 
langes on histologic examination. 

At tissue temperatures of —12°C and below, streptokinase 
had a better sparing effect on tissue damage than did rapid 
rewarming (p < .001). In the —-11°C and —12°C groups, the 
result of streptokinase treatment was better the sooner strep- 
tokinase treatment was started; the difference, however, was 
not found to be statistically significant. In the —13°C group, 
Statistically significant differences in the extent of tissue dam- 
age were shown in those animals in which treatment was 
begun at 12 hr compared with those in which it was begun 
at 24 hr (p < .001) (Tabie 2). No results were available for 
the time of onset of streptokinase treatment for the —14°C 
group. Because of the estimated short reperfusion period at 
this temperature level, all rabbits received their treatment at 
12 hr. The greatest level of protection from tissue damage 
appeared to occur in those animals whose limbs were sub- 
jected to both rapid rewarming after freezing and streptoki- 
nase treatment. This apparent additional benefit, however, 
was not shown to be statistically significant. 

In the limbs that eventually became necrotic, the period of 
reperfusion was significantly longer in the streptokinase treat- 
ment group than in the control group, at all levels of final 
tissue temperature. Reperfusion time in the treatment group 
varied from 6 to 14 days (mean, 6.9 days), as compared with 
1 to 5 days (mean, 1.5 days) in the control group (p < .001). 

The findings on pathologic examination varied from massive 
necrosis of the bone and soft tissues distal to the immersion 
line in limbs subjected to the greatest freezing insult, to minor 
changes of bone necrosis with preservation of soft tissues in 
those with the least severe exposure. The latter changes 
were the only evidence of damage in several instances in 
which nuclear scans and gross inspection were normal. In 
general, the extent of tissue damage and necrosis shown on 
histologic examination corresponded with that shown on the 
final nuclear scans. 


Discussion 


Frostbite results from direct freezing injury and delayed 
ischemia due to progressive thrombosis within vessels whose 
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Fig. 2.—Sequential scintigrams of left (L) and right (R) hind feet of a control rabbit that were frozen at a final tissue temperature of —12°C. 

A, Immediate blood pool image of solidly frozen feet. Note perfusion defects distal to immersion line (arrows). 

B, 1-hr image. Right limb was rapidly rewarmed and left limb was left at room temperature. Both feet are completely perfused; however, soft-tissue 
edema manifested by limb enlargement and increased soft-tissue uptake of left limb (arrow) are noted. 

C, Blood peol image obtained 48 hr after rewarming. Both feet are still entirely perfused but markedly edematous. Photopenic area on top of left foot 


(arrow) is due te blister formation. 


D, image en day 5. Lack of tissue perfusion distal to metatarsophalangeal joints on left and distal phalangeal joints on right was persistent in all 


subsequent stucies and correlated with pathologic findings of tissue necrosis. 








C D 


Fig. 3.—Sequential scintigrams of hind feet of a rabbit that were frozen at a final tissue temperature of —12°C and received six treatments of IV 


streptokinase starting 12 hr after rewarming. 


A, Immediate-blood pool image of frozen feet. Solidly frozen limbs distal to immersion lines (arrows) are not perfused. 
B, 1-hr image. Right limb was rapidly rewarmed and left limb was thawed at room temperature. Both limbs are perfused. Left limb shows increased 


soft-tissue uptake (arrow). 


C, Immediate blood pool image at 48 hr. There is a marked degree of bilateral soft-tissue edema manifested by limb enlargement. Also noted is poor 


perfusion of eftlimb digits. 


D, immediate blood pool image on day 21. All tissues remained perfused in all subsequent studies. Tissue perfusion of left limb digits has improved 
since previows study. Microscopic examination of limbs showed only soft-tissue edema in right foot. Some bone necrosis with regeneration of bony 


structureswwas present in left foot. Both limbs were grossly intact. 


intima is damaged by the initial freezing insult [4]. Ischemic 
damage evolves over several days and theoretically may be 
limited by treatment with drugs that prevent thrombosis. 
Regimens that have been tried in the treatment of experimen- 
tal frostbite include IV heparin, surgical and medical sympa- 
thectomy, and IV infusion of low-molecular-weight dextran. 
The results of these studies have not shown any consistent 
or clearly cefined benefit with any specific agent or treatment 
regimen [5]. 

During the Korean War, clinical studies of human frostbite 
included trials of heparin, cortisone, systemic vasodilators, 
and sympathectomy to limit the extent of tissue damage [6]. 
No significant benefit was derived from any of these adjunc- 
tive therapeutic techniques. Meryman [7], in his review of 


Studies of frostbite, stated that almost all new methods of 
treatment tried during the Korean conflict were begun after 
thawing of the exposed limbs had taken place. In most 
experimental studies, however, adjunctive treatments were 
instituted before or during thawing. This discrepancy may well 
explain our inability to reproduce clinically any presumed 
benefit derived from the results of an experimental study [7]. 
In Our previous experimental study, we demonstrated that 
rapid rewarming was effective in limiting tissue damage in 
frostbite injury [2]. Rapid rewarming, however, was only 
effective at the less severe levels of tissue temperature 
reached on freezing and if instituted immediately after with- 
drawal of the limb from the freezing environment. Rapid 
rewarming was not effective at levels of final tissue tempera- 


TABLE 1: Estimates of Percentage of Tissue Damage in Limbs of Rabbits Subjected to Freezing" 





No. of 


-11°C 


—12°C 





Experimental Group Animals 


Temperature 





warming of limbs) 8 
2. Treatment without streptokinase (slow 

rewarming of limbs) 4 
3. Treatment with streptokinase (rapid re- 

warming of limbs) 8 
4. Treatment without streptokinase (rapid 

rewarming of limbs) 4 


at Each X(%) 


LA tt A A tet ee A LOM A A A A IA tet tn EA Atte et A A Ar A AE aN A Rte lh AA AA te hh std ye a a: 








HAMA A tt PAM le eM Ate AR Hepler Hf Aa tt pte titty tt viet Anta ein tthe A tithe fr set pwn Hares feet rere SSAA 


0 4 7 23 14 49 12 

15 50 16 85 6 100 0 

0 0 0 13 18 50 13 

o0 æ 4 6 8 10 0 
p<.001 p < .002 p < .001 





Note.—-X = sample mean; SD = standard deviation. 


* Table shows results of treatment with and without streptokinase and with rapid or slow rewarming of the frozen limbs. 


TABLE 2: Estimates of Percentage Tissue Damage in Limbs of Rabbits Subjected to Freezing’ 





No. of 
Animals 
Experimental Group at Each 
Temperature 
1. Slow rewarming of limbs (early treatment 
with streptokinase) 4 
2. Slow rewarming of limbs (late treatment 
with streptokinase) 4 
3. Rapid rewarming of limbs (early treat- 
ment with streptokinase) 4 
4. Rapid rewarming of limbs (late treatment 
with streptokinase) 4 


Fisher's exact test 


—11°C —12°C —13°C 
X SD X SD X SD 
0 0 0 0 10 4.1 
3.5 1.75 10 6.9 35 4.1 
0 0 0 0 1.25 2.5 
ee IRS eee ee, eee 
p< .001 p< .001 p< .001 





Note.—X = sample mean; SD = standard deviation. No results are given for time of start of streptokinase treatment for the —14°C group because all received 


treatment starting at 12 hr. 


* Early or late onset of treatment with streptokinase with rapid or slow rewarming of the frozen limbs. 


ture of less than —13°C or if its application was delayed after 
the injury [2]. Since thrombosis of the small and medium- 
sized arteries in affected tissues is the major cause of is- 
chemic damage in frostbite injury, in this experiment we 
studied the effect of IV streptokinase in an attempt to prevent 
this complication. A striking improvement in the degree of 
tissue survival in the limbs of treated animals was noted at all 
levels of final tissue temperature reached during freezing. In 
addition, the effects of streptokinase treatment and rapid 
rewarming appeared to be additive. 

There has been no previous evidence that any drug or other 
adjunctive treatment is superior to rapid rewarming of the 
exposed tissues in fluid at, or slightly above, body tempera- 
ture. Unlike rapid rewarming, which we have previously shown 
must be instituted immediately after insult to be effective, 
streptokinase treatment is effective when begun at 12-24 hr 
and even as long as 48 hr after insult. If these findings are 
reproduced in humans, they will be of clinical significance. 
The opportunity to treat frostbite while the tissues are still 
solidly frozen is rare. Treatment that is effective when begun 
after thawing would be a significant therapeutic advance. 

The finding that streptokinase treatment also prolonged the 
tissue reperfusion time, before eventual development of is- 
chemic necrosis, may also have clinical importance. Prompt 
treatment of frostbite victims with streptokinase could in- 


crease the interval during which other measures of potential 
therapeutic benefit could be applied. 
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Technical Note 





Modified Use of the Tip-Deflecting Wire in Manipulation of 


Foreign Bodies 


Albert A. Nerncek, Jr.,' and Robert L. Vogelzang 


A large vanety of techniques have been developed and 
described for the nonsurgical manipulation of intravascular 
[1-5] and extravascular foreign bodies [6]. This abundance 
attests not only to the continuing ingenuity of approaches, 
but also to the lack of a universally satisfactory solution to 
the probiem. 

Tip-defiecting wires often are an effective tool for hooking 
foreign bodies [2, 3, 5]. However, they may not provide 
enough ferce to dislodge objects that are firmly fixed, and the 
hook may slip off in the process of removal or repositioning. 
We describe a modified use of the tip-deflector wire that 
retains the wire’s relative maneuverability in hooking foreign 
bodies, yet adds greatly to its grasping strength. 


Technique 


Any catheter that will accept a 0.038-in. (0.097-cm) diameter wire 
can be used to.approach the foreign body. A 0.038-in. diameter tip- 
deflecting wire (Cook, Bloomington, IN) is advanced through the 
catheter, and the object is hooked by deflecting the tip (Fig. 1A). The 
deflection is performed gently under fluoroscopic guidance to ensure 
that no excessive resistance is encountered from the wall of the 
vessels or viscas in which the maneuver is being conducted. If such 
resistance occars, repositioning of the wire may be helpful, but if 
continuedexcessive resistance occurs, attempts at using this method 
should becterminated. 

Once the foreign body is hooked, a tugging motion is applied. As 
increasing tip deflection is applied, the wire is advanced slightly 
allowing it to fom two tight coils around the object (Fig. 1B). Repo- 
sitioning or extraction of the foreign body can then be accomplished 
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while tip deflection is maintained. A great deal of force can be applied 
to the object with the wire in this configuration. 


Results 


We have used this technique in six cases. In three cases, 
the tips of subclavian venous catheters were repositioned 
from either the internal jugular vein (two cases) or the azygos 
vein (one case) into the superior vena cava. In one of these 
instances a hooked catheter repeatedly slippec off the mal- 
positioned central line even when it was supported by a tip- 
deflecting wire. In the fourth case, a Hickman catheter frag- 
ment was extracted from the right brachiocephalic vein 
through a sheath in the femoral vein. In one case (Fig. 1), a 
nonfunctioning ureteral stent that could not be removed via 
cystoscopy was pulled through a newly created and dilated 
nephrostomy tract. A wire basket did not suffice in this 
instance because it could not be maneuvered around the free 
end of the stent. In the final instance, a ureteral stent was 
repositioned more proximally during antegrade insertion of 
the stent. 

We have encountered no complications in our use of this 
technique; in no case did the fragment or catheter slip out of 
the grasp of the doubly coiled wire. 

In order to gain some idea of the size of the vessel or 
viscus necessary to perform this maneuver safely, we con- 
ducted a short series of in vitro experiments with a tip- 
deflecting wire and polyethylene tubes. In order to start 
forming a hook without encountering any resistance, a tube 


1 Both authors: Department of Diagnostic Radiology, Northwestern University Medical School and Northwestern Memorial Hospital, Chicago, IL 60611. Address 
reprint requests t) A. A. Nemcek Jr., Department of Radiology, Olson Pavilion, 710 N. Fairbanks Ct., Chicago, IL 60611. 
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with a diameter of 3 cm is required. However, we found this 
estimate to be somewhat deceptive since tubes as small as 
8 mm in diameter allowed coils to form; as resistance against 
the tube wall is encountered, the tip-deflecting wire starts to 
form its hook in a helical configuration rather than in a single 
plane. A tube 2 cm in diameter allows free manipulation of a 
hook that is already formed, and the diameter of the loops in 
the tightly coiled configuration is 5 mm. 


Discussion 


Nonsurgical removal of an intravascular foreign body was 
first described in 1964 by Thomas et al. [4]. Since that time 
it has become clear that foreign bodies in both intravascular 
and nonvascular locations are easily and safely removed by 
percutaneous methods, or at least maneuvered to a location 
that requires only a simple surgical procedure (such as a 
cutdown) for removal. These methods also have proved useful 
in simple repositioning of foreign objects such as errant central 
venous catheters. Thus, for many foreign bodies, an attempt 
at percutaneous removal should be the procedure of choice. 

No single manipulation device has been optimal in all cir- 
cumstances. As already noted, tip-deflecting wires used in 
the normal fashion are easily maneuvered but limited by the 
amount of traction that can be applied before they slip off 
foreign objects. Similar problems pertain to the use of hook- 
shaped catheters (which can be reinforced with tip-deflecting 
wires) and balloon catheters, unless the latter can actually be 
inserted through a foreign body such as a catheter [2, 3]. 
Baskets and loop snares provide firm grasping and traction, 
but may be rendered useless when no free end of the foreign 
object can be trapped with the device [1-3]. Many forms of 
forceps are limited by their rigidity, short length, and large 
diameter; although, more recently, forceps constructed with 
wires and introduced through smaller catheters resolve these 
problems more successfully than in the past [1-4, 6]. Some 
of the limitations of each particular method can be overcome 
by employing a combination of devices [1-3]. 

Several factors should be considered in deciding whether 
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Fig. 1.—A, Ureteral stent extraction 
using the tip-deflecting wire. Ureteral 
stent is coiled in renal pelvis. Stent tip 
(straight arrow) is inaccessible for bas- 
keting. 9-French sheath has been in- 
serted through which ureteral safety 
guidewire has been placed. Tip-de- 
flecting wire (curved arrow) has been 
deflected into a gentle hook, and stent 
has been engaged by manipulating 
curve of hook around it and applying 
slight traction on stent. 

B, increased tip deflection is applied 
along with slight advancement of wire, 
allowing two tight coils (arrow) to form 
around stent. Stent was extracted while 
tip deflection was maintained. 


to use percutaneous retrieval and in choosing the method of 
such removal: the size, shape, and location of the foreign 
body; the length of time it has been present; the risks of each 
retrieval method; the availability of any particular retrieval 
device; and the experience of the person performing the 
procedure. 

While many authors have described the use of a tip-deflect- 
ing wire in percutaneous manipulation of foreign bodies [2, 3, 
5], we are not aware of descriptions of its use in the manner 
outlined here. In two other studies [3, 5], a tip-deflecting wire 
is shown forming a complete 360° loop around a foreign 
object. However, neither the modified use nor the full 720° 
helix we have described is specifically discussed in either 
reference. We believe that two tightly wrapped coils allow far 
less chance for the device to slip than does either a single 
360° loop or a simple hook configuration. 

The technique that we have described provides the ease 
of a simple hook system and adds a far greater degree of 
grasping strength. Although we have used the technique 
alone up to this point, it easily could be combined with other 
methods for percutaneous manipulation if necessary. 

Interpreting our in vitro data in order to specify the neces- 
sary diameter of a vessel or viscus in which this method can 
be used is not straightforward. Although a full 3 cm is required 
for completely free manipulation of the device, the method is 
still technically possible with much less room. Whether the 
device can be used safely in smaller areas depends on other 
factors related to the exact location of the foreign object. 
Thus, we would suggest extreme caution and a full 3 cm of 
room in using this method in the heart or arterial system 
because of the risk of vascular perforation by the rigid tip- 
deflecting wire; a tortuous or atherosclerotic artery would 
require even more care. However, the full 3 cm is probably 
not necessary in the venous system; if the hook configuration 
can be formed and manipulated with minimal resistance, we 
believe that it is safe to proceed. Since easy manipulation of 
the hook itself requires a vessel about 2 cm in diameter, a 2- 
cm diameter seems to be a reasonable minimum venous size. 
In extravascular locations, such as the urinary tract or biliary 
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tree, even jess room is necessary as long as manipulation of 
the quidewire can be performed without excessive force. As 
one final precaution, intravascular fragments that are to be 3 
extracted completely should be withdrawn through a vascular 
sheath to prevent injury to the vessel. This method has been 

a useful option in our approach to foreign-body manipulation, 4. 
and we recommend its use in applicable circumstances. 
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Review 





Diagnostic Imaging in Neurological Disease. By Ivan Moseley. New York: Churchill Livingstone, 283 pp., 1987. 
98 


in this book, the aim of the author is not to demonstrate the 
radiologic appearances of neurologic diseases but to define better 
the manner in which patients with specific neurologic symptoms and 
signs ought to be evaluated. The author justifies this approach by 
Stating that “the best books on imaging, laying down principles rather 
than quoting examples, should have no pictures.” What results is a 
guidebook describing the techniques and indications for various 
neurodiagnostic examinations that seems best suited to the needs 
of the general medical house-officer rather than those of experienced 
neurologists, neurosurgeons, or neuroradiologists. 

The work is divided into two distinct portions. In the first section 
(five chapters, 86 pages) all of the numerous invasive and noninvasive 
methods of examination of the brain and spine are introduced briefly. 
In addition to describing techniques of critical importance in modern 
neuroimaging—CT, MR, angiography, sonography, myelography, 
and plain films-——less important (outmoded) techniques such as pneu- 
moencephalography, orbital phlebography, epidurography, and ther- 
mography also are described in some detail. The reader currently 
active in the diagnosis or management of patients with neurologic 
disease will find much of this material unnecessary. 

The second portion of the book (seven chapters, 180 pages) 
discusses the relative efficacy of each test in the evaluation of patients 
who have various combinations of neurologic symptoms and signs. 
The patterns of presentation analyzed in separate chapters include 
(1) head injuries, coma, and suspected subarachnoid hemorrhage; 
(2) acute lesions of the cranial nerves and brain (i.e., infarcts, hem- 


orrhage); (3) chronic and progressive lesions of the brain and cranial 
nerves; (4) neonatal, developmental, and neuroendocrine disease: 
and (5) acute and chronic abnormalities of the spinal cord and spinal 
nerves. Classic, older articles and more recent MR and CT studies 
are referenced extensively in the text. A “summary of principal 
recommendations” for evaluating each pattern of presentation con- 
cludes the corresponding chapter. It is in this portion of the book that 
much repetition is found. For instance, the inadequacies of skull films 
and nuclear medicine studies in the workup of many neurologic 
problems are recited numerous times. These points are common 
knowledge to all who deal with the diagnosis of neurologic disease 
on a daily basis. 

Few illustrations accompany the text, commensurate with the 
author's stated goals. However, many of those included in several 
chapters (and on the cover) are inverted or reversed, detracting from 
the overall presentation. 

This book certainly may serve as an adequate overview of available 
neuroimaging methods for the general house-officer and medical 
Student. In addition, many of the algorithms presented may help 
streamline the evaluation of certain neurologic problems when expe- 
rienced consultants are unavailable. 


Gary A. Press 
University of California, San Diego, Medical Center 
San Diego, CA 92103-1990 
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Commentary 





Imaging Recommendations for Head Trauma: A New 


Comprehensive Strategy 


John R. Thornbury,’ Stuart J. Masters,” and John A. Campbell? 


Earlier this year, a multidisciplinary panel published recom- 
mendations about the use of skull radiographs after head 
trauma it]. These recommendations were based on an ex- 
tensive review of the literature and the deliberations of the 
panel at a series of meetings during the period 1979-1984. 
The work of this panel went beyond that of previous similar 
publications. The panel devised a means to categorize trauma 
patients into three risk groups and designed an overall strat- 
egy for manacing patients in the three groups (Table 1). The 
strategy inciuced the use of skull radiographs and head CT. 

The categosies (high-, medium-, and low-risk) were based 
on risk of developing intracranial sequelae. Each of the three 
risk groups was characterized by specific patient-selection 
criteria based on the frequency of intracranial sequelae for 
each criterion. These rates were derived primarily from the 
analysis done oy Masters [2] in his 1980 paper on the efficacy 
of skull radiographs in head trauma. Low-risk criteria had 
rates of intracsanial sequelae from 0% to about 2%. High-risk 
criteria rates of sequelae were from about 25% to 100%. 
Rates of sequeiae for moderate-risk criteria were from about 
2% to about 25%. 

The management protocol uses the results derived by the 
physician trom the patient’s history and physical and neuro- 
logic examinations to determine the patient’s risk category. 
For each risk group, the appropriate examinations and clinical 
management procedures are recommended. 

This protoco! is distinguished from previous ones by its 
definition of a ow-risk group for which the conscious choice 


Receivec.June 1, 1987; accepted after revision June 29, 1987. 


of the physician is not to request any head imaging at all— 
and that physician can be confident that the risk of occult 
intracranial sequelae or complicated skull fracture is extremely 
low. in Masters et al. [1], data are presented for a total of 
9765 low-risk patients. In no case did follow-up of a low-risk 
patient show the protocol to be incorrect. Given this zero 
error rate, the upper boundary (at 95% confidence level) of 
the risk of missing an occult intracranial sequela or compli- 
cated skull fracture is three in 10,000 in the low-risk group. 

For the first time, physicians have a method for identifying 
patients at low risk for intracranial sequelae and now have a 
documented upper boundary (three in 10,000) for the risk of 
serious error if the choice is made not to request imaging. 
This should provide a more certain basis for decisions by 
physicians who manage head trauma patients. It should help 
to decrease the number of requests for skull radiographs in 
patients with clinically trivial head injury and tests that are 
done simply to “make no mistake and leave no stone un- 
turned.” Use of this protocol will resuit in lower total radiation 
to patients and substantial cost savings. In 1980, 2.4 million 
skull radiographs were requested by emergency room per- 
sonnel [1], of which 50-75% were for trivial injuries. 

The report [1] and management protocol also provide in- 
formation for use in malpractice litigation. The data document 
the very low risk of intracranial injury and the reasonableness 
of a decision to not perform any imaging when proper clinical 
assessment by the physician indicates that the patient is in 
the low-risk group. Likewise, in the high- and moderate-risk 
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Table 1. Management Strategy for Radiographic Imaging in Patients with 


Low-Risk Gaoup 


Possible findings 


Asymptomatic 

Headache 

Dizziness 

Scalp hematoma 

Scalp laceration 

Scalp contusion or abrasion 

Absence of moderate-risk or 
high-risk criteria 


Recommendations 


Observation alone: discharge 
patients with head-injury 
information sheet (listing 
subdural precautions) and a 
second person to observe 
them. 


Head Trauma.* 


MoneraTe-Risk Gaour 


Possible findings 


History of change of conscious- 
ness at the time of injury or 
subsequently 

History of progressive 
headache 

Alcohol or drug intoxication 

Unreliable or inadequate his- 
tory of injury 

Age less than 2 yr (unless in- 
jury very trivial) 

Post-traumatic seizure 

Vomiting 

Post-traumatic amnesia 

Multiple trauma 

Serious facial injury 

Signs of basilar fracturet 

Possible skull penetration or 
depressed fracturet 

Suspected physical child abuse 


Recommendations 


Extended close observation 
(watch for signs of high- 
risk group). 

Consider CT examination and 
neurosurgical consultation, 

Skull series may (rarely) be 
heipful, if positive, but do 
not exclude intracranial in- 
jury if normal. 


Hicu-Risx GROUP 


Possible findings 


Depressed level of conscious- 
ness not clearly due to alco- 
hol, drugs, or other cause 
(e.g., metabolic and seizure 
disorders} 

Focal neurologic signs 

Decreasing level of conscious- 
ness 

Penetrating skull injury or pal- 
pable depressed fracture 


Recommendations 


Patient is a candidate for 
neurosurgical consultation 
or emergency CT examina- 
tion or both. 





*Physician assessment of the severity of injury may warrant reassignment to a higher-nsk group. Any single criterion from 


a higher-risk group warrants assignment of the patient to the highest risk group applicable. 


Signs of basilar fracture include drainage from car, drainage of cerebrospinal fluid from nose, hematotympanum, Battle's 


Sign, and “raccoon eyes.” 


tFactors associated with open and depressed fracture inchide gunshot, missile, or shrapne! wounds: scalp injury from firm, 
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pointed object (including animal teeth), penetrating injury of eyelid or globe, object stuck in the head: assault (definite or 
suspected) with any object: leakage of cerebrospinal fluid: and sign of basilar fracture. 


Note.—Reproduced verbatim by permission of The New England Journal of Medicine, Voi. 316, 


p. 85, Jan. 8, 1987 [1]. 


groups, the choice of imaging examinations and patient man- 
agement is related to frequency of intracranial injury. The 
physician now has a clearer idea of the risk of error involved 
in all three groups of patients. 

A particular area of data expansion provided by this report 
is the further exploration of the relationship of the presence 
or absence of skull fracture to the presence or absence of 
intracranial sequela. The report points out that 758 (8%) of 
22,058 patients having skull radiographs had skull fractures 
and 138 (0.6%) had an intracranial injury. Of those with skull 
fractures, 691 (91%) did not have an associated intracranial 
injury. Likewise, 71 (51%) of patients with intracranial injury 
did not have a skull fracture. The panel's management pro- 
tocol takes into account the statistical relationship between 
skull fracture and intracranial injury in its recommendations. 

Finally, the FDA study [1] provides data indicating that 
physicians in the emergency room setting intuitively are using 
common sense about imaging patients with injuries judged 
trivial by clinical assessment. Of the 7035 study patients, 
4068 actually had skull radiographs. More importantly, 2967 
did not have skull radiographs, and almost all of these were 
in the low-risk group. The results of the outcome analysis for 
the low-risk group indicate that the choice not to request skull 


radiographs is a reasonable one on the basis of the risk of 
error. No cases of intracranial injury or complicated skull 
fracture occurred in the low-risk group. 

In another departure from previous reports addressing the 
use of skull radiographs in head trauma, this report includes 
recommendations for head CT as well as skull radiographs. 
Most reports in the past have dealt with only skull radiographs 
or with only head CT. This report deals with both and docu- 
ments that the diagnosis of clinically occult skull fractures 
usually has inconsequential effects on the management and 
outcome of patients. The paramount practical concern is the 
risk of missing an occult intracranial injury, and CT (not skull 
radiography) is the proper examination to detect intracranial 
sequelae. 

The other unique thing about this report is that the panel 
consisted of representatives of most of the groups of physi- 
cians who evaluate patients with head trauma. Each of the 
national organizations of these groups approved the panel's 
protocol. Thus, the recommendations and management pro- 
tocol of the panel should be acceptable for general use by 
the widest possible spectrum of physicians. 

Since Masters et al. [1] was published, members of the 
panel have received a few reports that the use of the strategy 
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table appeared to result in categorizing patients as “low risk” 
who were later found to bave intracranial injury. On review, 
certain features of the clinical presentations of these patients 
indicated they. had been improperly assigned to the low-risk 
group. Most irequently the error in determining risk group 
resulted from overlooking the asterisked “fine print” in the 
table footnotes. For instance, additional moderate-risk factors 
listed in the hird footnote include “... assault (definite or 
suspected) wih any object ...” (Table 1). 

Likewise, caution must be observed so that the strategy 
table is used within the conceptual context described in the 
paper. For insiance, the selection criteria for low-risk patients 
do not apply to young infants (age less than 2 years is a 
moderate-risk criterion) (Table 1). Children merit special con- 
sideration as described in the original report. Thus, if the table 
is xeroxed fram the paper and put on the bulletin board of 
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the emergency room, physicians who have not read the entire 
report may use the strategy table improperly. 

The panel requests that those who use this patient-selec- 
tion strategy and who encounter cases in which an error 
appears to have occurred (in the low-risk group) report these 
cases to the panel. Please send such cases to Stuart J. 
Masters, M.D., Department of Radiology, Berkshire Medical 
Center, 725 North St., Pittsfield, MA 01201. A case registry 
will be established. Cases will be analyzed by panel members 
and submitted periodically for peer-reviewed publication. 
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Non-Hodgkin’s Lymphoma of 
the Head and Neck: 


CT Evaluation of Nodal and 
Extranodal Sites 





Forty-five patients with non-Hodgkin’s lymphoma (NHL) of the extracranial head and 
neck who had undergone CT as part of their evaluation were reviewed to assess the 
impact of CT on clinical management. The sites of tumor deposition were subdivided by 
location: |, nodal; H, extranodal, lymphatic (Waldeyer’s ring); and Ill, extranodal, extra- 
lymphatic (orbit, sinonasal, deep facial spaces, mandible, salivary gland, skin, and 
larynx). The CT appearance of NHL in each of the three locations was analyzed for 
characteristic CT signatures. Nodal NHL was suspected when CT showed multiple, 
large, homogeneous lymph nodes, often in unusual nodal chains of the head and neck. 
Extranodal, lymphatic NHL of Waldeyer’s ring was indistinguishable from squamous cell 
carcinoma of this area unless synchronous tumor deposit in an extranodal, extralym- 
phatic location was also present. When NHL was in nodes and/or Walideyer’s ring, CT- 
derived information was of limited clinical value since treatment was unfocused (chemo- 
therapy and/or large-field radiotherapy). The CT appearances of extranodal, extralym- 
phatic NHL was generally not distinguishable from other malignancies of these areas. 
However, CT-derived information regarding deep-tissue tumor size and extent was 
critical to planning the radiotherapy ports. 


Non-Hodgkin’s lymphoma (NHL) is the second most common neoplasm found 
in the head and neck region behind squamous cell carcinoma [1, 2). As CT has 
gained acceptance as the staging technique of choice for head and neck squamous 
cell carcinoma, NHL has undergone CT evaluation with increasing frequency [3- 
6]. However, the impact of CT evaluation on clinical management of NHL. in this 
region has not been evaluated. 

NHL in the extracranial head and neck can be either the only manifestation of 
lymphoma—that is, primary head and neck NHL—or part of disseminated NHL. 
When localized to the head and neck region, NHL is treated with radiotherapy [7]. 
When the tumor site is within the structures of the face, such as the orbit, sinus, 
or deep facial spaces, precise deep-tissue anatomic information is necessary to 
plan the radiation ports [8-10]. When disseminated NHL is present, chemotherapy 
becomes the primary treatment method, with focused rediotherapy reserved for 
patients with specific problem sites of involvement. If tne diagnosis of NHL. is 
already known, CT would be expected to contribute significant information to those 
patients in whom focused radiotherapy is being used as a primary or adjunctive 
treatment method. 

We reviewed the impact of CT on clinical management of 45 cases of head and 
neck NHL. Each case was categorized into one of three major NHL sites of disease 
presentation in the head and neck: |, nodal; Il, extranodal, lymphatic (Waldeyer's 
ring); and IH, extranodal, extralymphatic (orbit, sinonasal, deep facial spaces, 
mandible, salivary gland, skin, and larynx). The purpose of this report was to 
assess the impact of CT on clinical management of NHL in the extracranial head 
and neck and to familiarize the practicing radiologist with the more characteristic 
CT appearances of this disease. 
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Materiais and Methods 


We reviewed the clinical and radiographic records of 45 patients 
with both the final pathologic diagnosis of NHL and a CT scan of the 
extracranial head and neck. Clinical staging in each case was com- 
pleted according to the Ann Arbor system of staging Hodgkin's 
lymphoma [11]: stage I, involvement of a single lymph-node region (I) 
or a single extralymphatic organ or site (le); stage ll, involvement of 
two or more lymph-node regions on the same side of the diaphragm 
(il) or localized involvement of an extralymphatic organ or site (lle); 
stage Ill, involvement of lymph-node regions on both sides of the 
diaphragm (Ill) or localized involvement of an extralymphatic organ or 
site (lll) or spleen (ills) or both (Ilise); and stage IV, diffuse or 
disseminated involvement of one or more extralymphatic organ with 
or without associated lymph-node involvement. Radiographic staging 
routinely includes chest radiography, abdominal CT, and neck CT. 
Exploratory laparotomy, bipedal lymphangiography, chest CT, and 
upper gastrointestinal series were not used routinely. 

Each case was analyzed for site of involvement by NHL in the 
head and neck area and placed into one or more of three major 
categories: (1) nodal; (2) extranodal, lymphatic; and (3) extranodal, 
extralymphatic. The CT appearance of NHL in each of these three 
sites was reviewed for characteristics that would independently sug- 
gest the correct pathologic diagnosis. The clinical uses of the data 
acquired during CT examination of the head and neck were evaluated 
to assess the impact of CT on clinical management. 

CT scans were obtained using multiple scanner units, with the 
more recent studies done on a Somatom li scanner (Siemens, Iselin, 
NJ), by using axial scans with 4-mm sections and 10-sec scanning 
times. The patient remained supine, breathing quietly with chin ele- 
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vated. Coronal CT sections were obtained when the lesion was found 
to involve the nasopharynx and/or the base of the skull. All patients 
received IV contrast material via the most current IV contrast admin- 
istration method, which involves an initial 50-ml bolus of 60% iothal- 
amate meglumine (Conray €0%, Mallinckrodt), with subsequent rapid 
drip infusion of 300 ml of 30% iothalamate meglumine. Dose adjust- 
ments were made for younger patients. 


Results 


Of the 45 patients, each had a confirmed final pathologic 
diagnosis of NHL and all underwent a CT examination of the 
head and neck region. Thirteen patients had nodal NHL; four 
had extranodal, lymphatic; and 16 had extranodal, extralym- 
phatic NHL alone. In 12 patients two or more of these sites 
were involved simultaneously. Twenty patients (44%) had 
primary head and neck NHL at presentation. The other 25 
(56%) had systemic NHL that in part involved the extracranial 
head and neck. 


Nodal NHL 


Twenty-four patients presented with NHL involving the 
lymph-node chains of the head and neck region; 13 as an 
isolated finding, two in association with extranodal, lymphatic 
tumor; seven with associated extranodal, extralymphatic tu- 
mor; and two with both associated extranodal, lymphatic and 
extranodal, extralymphatic tumor deposits (Table 1). 


TABLE 1: Nodal Non-Hodgkin’s Lymphoma: Summary of Cases 
i nc a sn ern Na a ret fan tne aa N 


Nodal Stations ! Primary ay: 
ni j Age Gender ——————————— Bilateral enri Uses of CT vS Pakea 
Nodal sites only: 
1 80 M + — + + 3 None P it 
2 60 M + = - = + 2 None S iW 
3 50 F ede ~ 3 None S iii 
4 59 F + +- ~- + 5 None S Hi 
5 66 M + + -= - = 10 XRT P li 
6 65 M + +- = + 3 None P il 
7 74 M + + - = + 8 Dx abscess P ii 
8 65 M + +- ~ + 10 None S iH 
9. -95 F + o - =- = + 5 None S il 
10 30 M + o= á- = _ 4 None P il 
11 59 M + =e = — 4 Dx recurrence/XRT S IV 
12 53 M + +- — + 10 None S IV 
13 50 F + + + ~ + a None P H 
Associated extranodal, lymphatic (Waldeyer’s ring) involvement: 
14 51 M + = =- + + None P H 
15 68 M + + - - — 10 None S ii 
Associated extranodal, extralymphatic involvement: 
16 70 + + =- -= ~ 3 Dx recurrence S IV 
17 44 M ~ —- — + a 3 XRT P ll 
18 73 F + å = =- = _ 2 Dx recurrence S IV 
19 27 F + =- — + + 2 XRT P H 
20 43 M + + — + _ 3 Dx recurrence/XRT S IV 
21 70 F +o n - = + 3 XRT S ill 
22 40 M + - — + + 6 None S IV 
Associated extranodal, lymphatic and extranodal, extralymphatic involvement: 
23 90 M + +- = — 10 XRT P il 
24 57 F + - + = _ 3 XRT S IV 





Note.—-DCC = deep cervical chain adenopathy; PT = posterior triangle adenopathy; RP = retropharyngeal 
adenopathy; SM = submandibular adenopathy: P = primary head and neck non-Hodgkin's lymphoma at presentation; 
S = systemic non-Hodgkin's lymphoma; XRT = CT used to plan radiation therapy; Ox = diagnosed. 

* This one patient had necrosis within the involved lymph nodes. 
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Fig. 1.—Case 22: nodal non-Hodgkin’s lym- 
phoma. Enkanced axial CT at level of hyoid bone 
shows two nonnecrotic nodes (N) containing non- 
Hodgkin’s lymphoma. Anterior submandibular 
lymph node measures 4 cm and at first glance has 
appearance of central lucency. Nodal capsular en- 
hancement{arrows) creates this impression with 
central density approximating density of surround- 
ing normal neck muscles. G = submandibular 
glands. 

Fig. 2.—Case 13: necrotic non-Hodgkin’s lym- 
phoma lymph nede. Postcontrast axial CT scan 
through low oropharynx shows large, necrotic-ap- 
pearing mass (arrows) in region of high deep cer- 
vical chain on right, which at surgery was found to 
be a necrotic nocal deposit of non-Hodgkin’s lym- 
phoma. This patient had been treated with steroids 
for 1 monthbefore surgery. Central nodal necrosis 
is presumed to represent response of lymph-node 
deposit to steroic treatment. 


CT manifestations of nodal NHL included lymph-node size 
of 1-10 cm, with 12 (50%) of 24 patients displaying at least 
one lympn node of 4 cm in maximum diameter (Fig. 1). 
Thirteen patients had bilateral neck lymphadenopathy. All but 
one patient had nodal involvement in the deep cervical chain; 
12 were involved in the posterior triangle spinal accessory 
nodes; two, the retropharyngeal nodal chain; and six, the 
submandibular lymph nodes. Only one patient demonstrated 
evidence of necrosis within the involved lymph nodes (central 
low-density regions on CT) (Fig. 2). Two patients had nodal 
deposits that initially were thought to be necrotic but were 
found to have central attenuation values similar to muscle 
density but appeared to be necrotic because of nodal-rim 
(capsule) enhancement (Fig. 1). 

In 12 of the 15 patients with isolated nodal NHL or nodal 
NHL plus. extranodal, lymphatic tumor (cases 1-4, 6-8, 10, 
12-15), no clinically useful data were derived from CT evalu- 
ation. In eight of the nine cases with extranodal, extralym- 
phatic sites associated with nodal NHL (cases 16-24), CT 
contributed to the clinical assessment and/or treatment, either 
by diagnosing recurrence or by assisting radiation therapy 
with radiation port planning. 


Extranodal, Lymphatic NHL/Waldeyer’s-Ring NHL 


Nine patients had NHL involving the lymphatic tissue of 
Waldeyer's ring (nasopharyngeal adenoids and oropharyngeal 
faucial and lingual tonsils) (Table 2). Four patients had isolated 
extranodal, lymphatic NHL; two had simultaneous nodal NHL; 
one had associated extranodal, extralymphatic NHL; and two 
had both associated extranodal, lymphatic and extranodal, 
extralympnatic NHL deposits. 

The CT appearance of extranodal, lymphatic NHL was 
indistinguishable from the CT picture of squamous cell carci- 
noma in Waldeyer’s ring (Fig. 3). When extranodal, lymphatic 
NHL was associated with nonnecrotic, large nodes in atypical 
drainage sites. the diagnosis of NHL was suggested; how- 
ever, the diagnosis of squamous cell carcinoma could not be 
excluded completely because large squamous nodes, al- 
though frequently necrotic, are not always necrotic (Fig. 4). 
When a secomd tumor focus was seen in an extranodal, 
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TABLE 2: Extranodal Lymphatic Sites (Waldeyer’s Ring) in 
Non-Hodgkin’s Lymphoma: Summary of Cases 

2 eee es ee: 2 eee ee eee 
Primary Clinical 


Case Value 
Age Gender Site(s) 
No. of CT Systemic Stage 
Associated nodal sites: 
14 51 M LT,FT None P Il 
15 68 M FT None S Iil 


Associated nodal sites and extranodal, extralymphatic involve- 


ment: 
23 90 M FLA XRT P II 
24 57 F A XRT S IV 
Extranodal, lymphatic sites only: 

25 59 F FT None S Iv" 
26 82 M FT None S Ive 
re 77 F ai XRT P | 
28 35 M A None S IV 
29 70 M FT, A XRT P II 





Note.—LT = lingual tonsil; FT = faucial tonsil; A = adenoids; P = primary 
non-Hodgkin's lymphoma at presentation; S = systemic non-Hodgkin's lym- 
phoma; XRT = CT was used in planning radiation therapy. 

* The gastrointestinal tract was positive on barium-enema study. 


extralymphatic site, the diagnosis of NHL was suggested 
more strongly, (Fig. 5), as synchronous sites of nonmucosal 
Squamous Cell carcinoma are exceedingly rare. 

The impact of CT on patient management was again found 
to be significant only in patients with associated extranodal, 
extralymphatic tumor. In only one patient with extranodal, 
lymphatic NHL without associated extranodal, extralymphatic 
tumor (case 27) did CT provide useful information to the 
referring Clinician. 


Extranodal, Extralymphatic NHL 


Twenty-five cases of extranodal, extralymphatic NHL were 
identified, 16 as an isolated area of involvement, seven with 
concurrent nodal NHL, and two with both extranodal, lym- 
phatic and nodal NHL associated (Table 3). Nine patients had 
sinonasal (Fig. 5), eight orbital (Fig. 6), 11 deep facial space 
(Fig. 7), two mandibular, three parotid (Fig. 8), four dermal 
(Fig. 9), and one endolaryngeal NHL. In eight patients more 
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Fig. 3.—Case 25: extranodal, lymphatic non- 
Hodgkin’s lymphoma of faucial tonsil. Enhanced 
axial CT scan at level of mandibular body shows 
tissue-density mass (L) in left faucial tonsil region. 
CT appearance of this Waldeyer’s-ring lymphoma 
deposit is identical to CT appearance of squamous 
cell carcinoma of same region. 


Fig. 4.—Case 15: extranodal, lymphatic, non-Hodgkin’s lymphoma of nasopharyngeal adenoids. 

A, Enhanced axial CT scan through nasopharynx shows large tissue-density mass (L) obscuring 
normal mucosal landmarks of nasopharynx and extending posterolaterally into parapharyngeal space 
(asterisk). p = lateral pterygoid muscle. 

B, Associated nodal disease. Lower axial CT section shows nonnecrotic lymph nodes (n) in both 
posterior triangle regions. c = internal carotid artery; j = internal jugular vein. Large, nonnecrotic 
nodes suggest diagnosis of non-Hodgkin’s lymphoma, but squamous cell carcinoma of nasopharynx 


with nodal metastases is indistinguishable on basis of CT findings alone. 


than one extranodal, extralymphatic site was found on the 
same CT evaluation (Fig. 5). 

CT had a significant impact on patient management in this 
group. In nine cases, CT alone correctly diagnosed either the 
primary NHL or tumor recurrence as a consequence of the 
fact that the tumor occurred or recurred in an area inacces- 
sible to clinical evaluation. In 23 of the 25 patients, CT was 
useful in designing radiation ports. 


Discussion 


NHL can involve virtually any site in the extracranial head 
and neck [2]. Because squamous cell carcinoma is statistically 
a much more common lesion in this area, NHL occasionally 
is mistaken for squamous cell carcinoma by the radiologist, 
surgeon, and pathologist. Only when there is a high degree 
of suspicion can the patient with NHL in the head and neck 





Fig. 5.—Case 36: synchronous non-Hodgkin’s lymphoma extranodal, extralymphatic sites. 

A, Contrast-enhanced axial CT scan through maxillary sinuses reveals lymphoma deposits (T) in 
both sinuses invading nasopharyngeal masticator spaces through lateral sinus walls (arrows). 

B, More cephalad scan. Multiple other extranodal, extralymphatic sites of non-Hodgkin’s lymphoma 
are involved including (1) lacrimal glands, (2) lateral rectus muscles, (3) temporalis muscle, and (4) 
epidural space. 


Fig. 6.—Case 42: orbital non-Hodgkin’s lym- 
phoma. Enhanced axial CT scan through orbit 
shows mass extending posteroinferiorly in extra- 
coronal space, molding to lateral bony wall of orbit 
(m). Opposite orbit is normal. More cephalad scans 
showed unilateral lacrimal gland enlargement. 
Non-Hodgkin’s lymphoma is part of differential 
diagnosis including orbital pseudotumor, lacrimal 
gland primary malignancy, and orbital metastases. 
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TABLE 3: Extranodal, Extralymphatic Sites in Non-Hodgkin’s Lymphoma: Summary of Cases 


OOS mm rr SS EE ES ET | RS OE E NS EE SS TS ST SSE SS 


Case 





No Age Gender Sites Value of CT 
Associated nodal sites: 
16 70 M Orbit Dx rec/XRT 
17 44 M Sinus/nose, orbit, deep XRT 
facial space, dermis 
18 73 F Dermis Dx rec/XRT 
19 77 F Sinus/nose XRT 
20 43 M Parotid, dermis Dx rec/XRT 
21 70 F Larynx XRT 
22 40 M Deep facial space XRT 
Associated nodal sites and extranodal, lymphatic involvement: 
23 90 M Sinus/nose XRT 
24 57 F Deep facial space XRT 
Extranodal, extralymphatic involvement only: 
30 76 F Sinus/nose, deep facial XRT/Dx rec 
space, dermis 
31 73 M Sinus/nose Dx tumor 
32 70 F Mandible XRT/Dx rec 
33 90 M Sinus/nose XRT 
34 79 F Deep facial space XRT 
35 64 M Sinus/nose, orbit, deep XRT 
facial space 
36 15 M Sinus/nose, orbit, deep XRT 
facial space 
37 32 M Orbit, deep facial XRT 
space 
38 73 M Deep facial space Dx tumor/XRT 
39 59 M Orbit Dx rec 
40 68 F Orbit XRT 
41 62 M Parotid XRT 
42 63 M Orbit XRT 
43 54 M Deep facial space, XRT 
mandible 
44 71 F Sinus/nose parotid XRT 
45 87 M Deep facial space Dx tumor/XRT 











Clinical 
Stage 


Primary or 
Secondary 


MU VTVUVUUMNNM U O NANUVHWV nO nV ANNUM U 


Note.—Dx rec = CT diagnosed recurrent tumor; XRT = CT was used in planning radiation therapy; Dx tumor = 
CT made the initial tumor diagnosis; P = primary head and neck lymphoma at presentation; S = systemic non- 


Hodgkin's lymphoma. 





Fig. 7.—Case ©: extranodal,.extralymphatic 
non-Hodgkin's lymphoma of msasopharyngeal 
masticator space Enhanced axial CT scan 
through level of superior alveolar ridge shows 
mass in left mastcator space with diffuse en- 
largement of masseter muscle (m) and medial 
pterygoid muscle @). Minor salivary gland malig- 
nancy and deeply nfiltrating squamous cell car- 
cinoma frormretromolar trigone could have sim- 
ilar CT appearance. 





Fig. 8.—Case 20: intranodal parotid non- 
Hodgkin’s lymphoma. Multiple tissue-density 
masses (n) are seen on enhanced axial CT scan 
through maxillary sinuses. Parotid involvement 
with non-Hodgkin’s lymphoma is usually a man- 
ifestation of nodal lymphoma within substance 
of parotid gland. Parenchymal lymphoma is ex- 
tremely rare. 





Fig. 9.—Case 17: dermal non-Hodgkin’s lym- 
phoma. Appearance of enhancing mass in subcu- 
taneous tissues of both temporal spaces (L) is 
suggestive of dermal non-Hodgkin’s lymphoma. 
Preseptal ocular non-Hodgkin’s lymphoma (o) is 
also present. 
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be correctly diagnosed, thus avoiding unnecessary radiologic 
and surgical procedures. 

The clinical signs and CT manifestations of NHL in the 
extracranial head and neck are frequently diverse. The sites 
of NHL involvement in this area can be subdivided into three 
distinct categories: (1) nodal; (2) extranodal, lymphatic; and 
(3) extranodal, extralymphatic. Extranodal, lymphatic NHL 
refers to tumor found in Waldeyer's lymphatic ring. The 
extranodal, extralymphatic category includes all NHL not in 
nodes or Waldeyer's ring with the major areas of involvement 
including the orbit, sinus, nose, mandible, deep facial spaces, 
parotid gland, and dermis. Of the three major sites of involve- 
ment of NHL in the head and neck region, nodal NHL is the 
most common, followed by extranodal, extralymphatic and 
the extranodal, lymphatic sites [2]. 

When nodal NHL presents as an unbiopsied neck mass 
with no mucosal disease evident, CT is frequently requested 
to search for an unknown primary squamous cell carcinoma 
[12]. If CT shows multiple large, bilateral lymph nodes without 
necrosis, NHL should be suspected. An additional clue to the 
CT diagnosis of nodal NHL is found when some of the nodes 
are located in sites atypical of the usual drainage routes for 
squamous Cell carcinoma such as the submental, submandib- 
ular, retropharyngeal, or posterior triangle nodal chains (Fig. 
1). Only when the patient has been treated will nodal NHL 
manifest central necrosis on CT (Fig. 2). When central necro- 
sis is present, nodal involvement by squamous cell carcinoma 
or other malignant metastatic disease should become the 
leading diagnosis. 

Waildeyer’s lymphatic ring is made of the nasopharyngeal 
adenoids and the oropharyngeal faucial and lingual tonsils. 
When NHL involves this extranodal, lymphatic site, it is usually 
indistinguishable on CT from squamous cell carcinoma (Fig. 
3). Only when the tumor deposit was associated with extra- 
nodal, extralymphatic disease could the diagnosis of NHL be 
suggested from CT findings. 

Waldeyer's-ring NHL has a known association with gas- 
trointestinal tract NHL [13-15]. If the disease can be palpated 
or seen on CT—that is, if it is macroscopic in this extranodal, 
lymphatic site—it is usually part of systemic NHL [13]. Ab- 
dominal CT and chest radiography are used in staging this 
type of NHL with neck CT having limited clinical value. In 
patients with extranodal, lymphatic NHL and symptoms ref- 
erable to the gastrointestinal tract, barium examination is 
indicated because of the known association of Waldeyer’s- 
ring NHL and other gastrointestinal foci of disease. 

Extranodal, extralymphatic NHL can be further subdivided 
into an infinite number of categories since NHL can occur in 
any location from the skull base to the clavicies [16]. We have 
chosen seven groups based on the major anatomic areas of 
involvement seen in our study population: (1) sinus/nose, (2) 
orbit, (3) deep facial spaces, (4) dermis, (5) parotid, (6) man- 
dible, and (7) endolarynx. It is beyond the scope of this report 
to detail the CT manifestations of NHL in each of these areas, 
but salient observations regarding characteristic CT appear- 
ance will be delineated. 

Extranodal, extralymphatic NHL usually mimics squamous 
cell carcinoma in its CT appearance. However, in our study 
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eight of 25 cases (Table 3) had more than one synchronous 
extranodal, extralymphatic NHL site on CT examination (Fig. 
5). These sites included the sinonasal area, orbit, deep facial 
spaces, dermis, mandible, and parotid. Since squamous cell 
carcinoma rarely presents synchronously with two separate 
primary tumors, this CT finding suggests the diagnosis of 
NHL. 

Sinonasal NHL can be either expansile with permeative 
bony wail involvement, as suggested by Kondo et al. [17], or 
more infiltrating and destructive, as is commonly seen in 
squamous cell carcinoma [18] (Fig. 5A). Orbital NHL com- 
monly involves the lacrimal gland and extraconal orbit and is 
bilateral in up to 40% of cases [19] (Figs. 5 and 6). The focal 
or infiltrating masses of NHL seen on CT in the deep facial 
spaces are indistinguishabie from other malignancies in these 
areas (Fig. 7). 

Parotid NHL is included under extranodal, extralymphatic 
NHL because primary parenchymal NHL of the parotid gland 
is extremely rare [2], and NHL involving intraparotid lymph 
nodes is the more common pathologic form of disease [2, 20] 
(Fig. 8). When NHL involves the subcutaneous tissues of the 
face and neck, a CT appearance results that is quite charac- 
teristic (Fig. 9). The enhancing sheets of dermal NHL seen on 
CT are highly suggestive of the diagnosis of NHL. 

Reviewing the CT appearances in patients with NHL of the 
extracranial head and neck region reveals several important 
findings. First, nodal NHL is suggested when large, bilateral, 
nonnecrotic nodes are seen in atypical drainage areas. Extra- 
nodal, lymphatic deposits of NHL in Waldeyer’s ring are 
indistinguishable from squamous cell carcinoma on CT. Extra- 
nodal, extralymphatic NHL when isolated cannot be differen- 
tiated from other head and neck malignancies, but when 
multifocal are highly suggestive of NHL. 

The role of CT in patients with head and neck NHL is (1) 
quantitative assessment of known tumor, (2) identification of 
occult tumor sites, (3) assessment of treatment response, 
and (4) recurrent tumor diagnosis. Since Waldeyer’s lymphatic 
ring can be seen and nodal disease felt, it is in the extranodal, 
extralymphatic group that CT plays its most important role. 
By providing an objective deep-tissue map of tumor, CT gives 
the radiation therapist the information necessary for radiation 
port planning [8-10]. 
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“Papilledema”: Neuroradiologic 
Evaluation of Optic Disk Protrusion 
with Dynamic Orbital CT 





Current-generation CT scanners enable the visualization in vivo of structures and 
substructures that were previously unobservable. Certainly the orbit and optic nerve/ 
sheath complex have demonstrated a great number of pathologic and normal anatomic 
variations. It has been found in patients with elevated intracranial pressure that what 
was previously thought to be simple papilledema in fact masks a surprisingly large 
component of optic papilla protrusion. There may be a variable amount of increased 
intercellular/axonal fluid within the optic disk in patients with increased intracranial 
pressure; however, a significant factor in the “swollen disk” is the simple transmission 
of pressure along the optic nerve sheath to the papilla, causing it to bulge. Further 
investigations with dynamic CT reveal that there is decreased perfusion of the optic 
disk in the active phase of severe increased intracranial pressure in patients with 
papilledema and/or protrusion as compared with normal control subjects. This de- 
pressed flow pattern seems to originate subacutely and appears to resolve in certain 
patients after normalization of the elevated pressure. These findings apparently indicate 
that clinical intervention in cases of intracranial hypertension to restore the hemodynamic 
status of the optic disk would be timely, and thereby avert irreversible damage. This 
suggests and supports the theory that increased intracranial pressure may lead to rapid 
vision loss by the mechanical mechanism of pressure projected directly to the junction 
of the optic nerve and optic nerve head, leading to decreased perfusion, ischemia, 
axonal flow stasis, and resultant optic nerve atrophy. 


The medical definitions of papilledema range from the abbreviated “edema of the 
optic disc,” [1] to the definitive, “edema of the optic disc ... most commonly due 
to increased intracranial pressure, malignant hypertension, or thrombosis of the 
central retinal vein” [2]. Almost ail definitions, however, stress a dominant or sole 
component of real edema in the optic nerve head accounting for the swelling 
without regard to differing pathologic processes [3, 4]. This study was undertaken 
to evaluate both the in vivo structure of the optic nerve/sheath complex at its 
junction at the optic nerve head in patients with clinical papilledema caused by 
intracranial hypertension as well as to study the perfusion characteristics of the 
optic papilla in patients with increased intracranial pressure (ICP) from various 
Causes. 


Subjects and Methods 


The scanner used in this study was the GE 9800 with dynamic capability. Unenhanced 
static scans were obtained with 5-mm-thick axial sections through the orbit followed by 3- 
mm sections through the optic nerve head subsequent to IV administration of contrast 
material. 

The patient population encompassed a total of 20 subjects with increased ICP caused by 
various processes inciuding trauma, premature craniosynostosis, hydrocephalus, true tumor, 
primary pseudotumor, and pseudotumor secondary to cerebral venous sinus thrombosis. In 
addition, a control group of eight patients scanned for reasons other than increased ICP 
completed the study (Table 1). 
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The dynamic injection format was standardized at 4 mi/sec of 
Renografin-76 for a total of 60 ml introduced with a power injector in 
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Fig. 2.—Case 16. 

A, Axial section shows left hemispheric subdural hematoma. 

B, Magnified view over orbits shows dilated optic nerve sheaths bilaterally. 
C, Video-reverse magnified image of right globe after IV enhancement shows optic papilla protruding into posterior aspect of globe (arrow). 
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Fig. 1.—Case 8. 

A, Magnified view of right orbit shows normal 
appearance of optic nerve/sheath complex. 

B, Video-reverse magnified view of right 
globe shows normal, flat appearance of optic 
disk (arrow). 

C, Enlarged video-reverse view of globe dur- 
ing dynamic perfusion peak in normal subject 
shows complete rim of “choroidal” enhancement 
(large arrows) with equal enhancement of optic 
nerve head (small arrow). 

D, Dynamic perfusion curves centered over 
orbits show almost identical perfusion patterns 
of left optic nerve head (L) as compared with 
adjacent choroid of left globe (S). 
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Fig. 3.—Case 26. 

A, Axial CT section at levelof thalami shows 
hydrocephalus and periventricular edema sec- 
ondary to posterior fossa arachnoid cyst causing 
obstruction to CSF flow at fourth ventricular 
level. 

B, Magnified contrast-enhanced view of right 
globe on video-reverse imaging shows optic pa- 
pilla protruding into posterior aspect of globe 
(arrow). 





Fig. 4.—Case 13: primary pseudotumor cerebri. 

A, Axialecranial CT after contrast administration shows compressed lateral ventricular system. 

B, Metrizamicde cisternogram centered over orbits outlines markedly dilated optic nerve sheaths extending to globes, traversed by low-density optic 
nerves. 

C, Magnified view of right orbit shows contrast-filled, ballooned terminal optic-sheath subarachnoid space protruding into posterior aspect of globe at 
optic nerve head (arrows). 


in its diagnostic potential as a measure of orbital or cerebral 
pathology, but also in the secondary effects of disk swelling 
leading to rapidly progressive blindness in certain cases [10- 
14]. 

To understand papilledema in the present context, it is 
perhaps best to isolate two major categories of swollen disks. 
The specific pathologic etiology of “optic disk swelling” covers 
a spectrum extending from true edema due to many acquired 
causes to the type of swelling observed in increased ICP [4]. 
It is the latter that is of concern here and that seems to involve 
in part the simple dilatation of the sheath surrounding the 
optic nerve terminating in a “ballooning” of the optic nerve 
head, causing it to protrude into the globe [4, 15-17]. In 
addition to this protrusion, there may be a variable amount of 
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associated intercellular fluid (true edema) accumulation within 
the optic papilla due to one or more factors: primary tissue 
ischemia [18, 19], an increased pressure gradient between 
the subarachnoid space and the vitreous of the globe with 
resultant transarachnoid transudation of fluid, or quite likely 
an extravascular extravasation of fluid secondary to this 
pressure gradient (Fig. 8) [18, 20, 21]. In agreement with the 
latter theory was the evidence of extravascular accumulation 
of contrast material in the optic disk due to a breakdown in 
the “blood-nerve barrier” in a patient in the current study who 
had cranial hypertension secondary to extensive dural venous 
sinus thrombosis (Fig. 6C). Nevertheless, a significant factor 
in early disk swelling or papilledema is simple papillary protru- 
sion (Fig. 9). 
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The more serious consideration previously alluded to is the 
progressive blindness that accompanies papilledema in some 
cases. Table 1 points out that this decrease of visual acuity 
is not strictly limited to patients with “benign” cranial hyper- 
tension, nor is it bilaterally symmetric. Many theories have 
been proposed as to the cause of this vision loss; most of 
them hinge on abnormal pressure relationships and ischemia 
[16, 22-24]. A most intriguing mystery is why the optic nerve 
is unusual in its vulnerability to damage from increased ICP. 
One line of investigation in this regard is to examine why the 
optic nerve is basically different from the other cranial nerves. 
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Fig. 5.—Case 24: primary pseudotumor cere- 
bri. 

A, Axial, postenhancement CT scan at thala- 
mic level shows no evidence of abnormality. 

B, Magnified view of left orbit shows serpigi- 
nous, markedly dilated optic nerve/sheath com- 
plex. 

C, Magnified video-reverse view of globe dur- 
ing dynamic perfusion peak shows skip area in 
“choroidal” blush at optic nerve head (arrow). 

D, Dynamic perfusion curves at level of orbits 
40 show delayed peak as well as depressed per- 
4 fusion amplitude of left optic nerve head (P), as 
compared with relatively more normal adjacent 
choroid of left globe (S). 


Simplistically, the first cranial nerve is the only one to have 
its origin at a point still bordering on the subarachnoid space: 
the optic nerve head. It would seem then that pressure 
changes in the intracranial space could be transmitted easily 
to the optic nerve head along the subarachnoid space accom- 
panying the optic nerve sheath. Should this pressure be 
sufficiently severe, adverse effects would be manifest by 
degeneration of the optic nerve itself (Fig. 7C). 

In regard to the sequence of events leading to this projected 
ischemia, research by others has demonstrated that disk 
swelling (protrusion) precedes any obvious arterial abnormal- 
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Fig. 6.—Case 28: secondary pseudotumor 
cerebri. 

A, Pestenhancement axial CT shows no evi- 
dence of parenchymal nor ventricular abnormal- 
ity at thalamic level. 

B, Magnified view in occipital region shows 
“delta” sian of sagittal sinus thrombosis (arrow). 

C, Dynamic perfusion curve shows depressed 
perfusion peak followed by elevated plateau 
phase (D)sindicating hypoperfusion of disk and 
extravascular accumulation of contrast medium 
due to “bleod-nerve barrier” breakdown, respec- 
tively, as compared with “normal” adjacent cho- 
roid (S) 


ity in the optic disk, and that this change (pressure gradient) 
manifests itself rapidly, appearing within the first 24 hr of 
increased ICP [21, 25, 26]. In fact, the single instance in the 
present series of papilledema that did not demonstrate de- 
pressed disk perfusion was in a patient harboring a large 
arteriovenous malformation with acute hydrocephalus and 
coma of less than 24-hr duration. A postulated aberrant flow 
state, then, must begin subacutely after an undetermined 
period of elevated ICP and papillar protrusion [18, 21, 25]. 

It is necessary, however, to review the circulation of the 
terminal optic nerve in order to translate this experimental 
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information into an anatomic explanation. Four main anasto- 
mosing sources of perfusion are available to the optic nerve/ 
head junction: the central retinal artery, the short ciliary arter- 
ies, the pial vasculature, and the choroidal vessels fed from 
the ciliary arteries (Fig. 10A) [5, 6, 14]. Despite this interlocking 
vascular network, the retrolaminar region of the optic nerve 
is in fact believed by some to be a watershed area and 
therefore prone to ischemic insult [27-29]. In add tion, light 
microscope studies have demonstrated early abnormal inter- 
Stitial fluid accumulation from vascular sources in this same 
region in experimental papilledema, which supports the hy- 
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Fig. 8.—Case 19. Video-reverse, magnified postcontrast section shows 
intrinsic swelling of optic disk (arrows) equating with true papilledema in 
patient with long-standing hydrocephalus due to midbrain astrocytoma and 
secondary hydrocephalus. 
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Fig. 7.—Case 9: about 1 year after acute venous sinus thrombosis and 
after resolution of cranial hypertension. 

A, Magnified view of right orbit shows diminutive size of optic nerve/ 
sheath complex, confirming return to normal of intracranial pressure. 

B, Dynamic perfusion curve at level of orbits after resolution of papille- 
dema shows identical perfusion curves of right optic nerve head (D) as 
compared with adjacent choroid (S). The patient had been subtotally blind 
for about 10 months, but perfusion patterns indicate return to normal state 
paralleling intracranial pressure. 

C, Video-reverse, magnified, postenhancement section shows optic 
cupping and extreme thinning of disk indicating resultant severe optic 
atrophy (arrow). 


pothesis of primary insult to this area [20, 30]. It follows that 
when severe dilatation of the distal optic subarachnoid space 
occurs, all of the regional neural as well as vascular structures 
are involved and are compressed and distorted to varying 
degrees. Applied to the sensitive retrolaminar area and con- 
tiguous disk, this mechanical action then presumably compro- 
mises flow emanating from all vascular sources as well as the 
venous drainage, thus leading to stasis, congestion, and the 
observed depressed dynamic perfusion curves (Fig. 10B) [16, 
24, 31]. 

A third postulate of injury involving primary axonal disar- 
rangement has been observed in vitro by other authors [19, 
25] but is a nonspecific finding. The demonstrated axonal 
swelling might be a response to the increased pressure 
gradient and axoplasmic stasis, a result of histologic fixation 
or, alternatively, might be a secondary effect emanating from 
the preexisting ischemic state with associated axonal trans- 
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Fig. ¢.—A, Nermal distal optic nerve/sheath complex and optic nerve 
head in jongitudinal section. 
8, Depiction ef patient with papilledema shows enlarged subarachnoid 


Fig. 10:—4, Normal vascular supply to left 
half of terminal optic nerve and head. Arteries 
(solid arrows, veins (dotted arrows). (Modified 
from [67.) 

B, Cenfiguration of right half of subarachnoid 
space andoptic-nerve/head in papilledema pos- 
tulating: compromised perfusion (crosses) due to 
elevated pressure gradient (short thick arrows) 
between subarachnoid space and surrounding 
orbit/vitreous ofiglobe. 1a = central retinal artery 
in nerve; tb = central retinal artery in disk; 2 = 
short ciliary arteries; 3 = pial arterioles; 4 = 
arterioles from choroid layer, 5 = central retinal 
vein; a = subarachnoid space; d = dura; D = 
optic disk; E = optic nerve; O = extravisual 
orbital contests: P = pia; V = vitreous. 


port interference [18, 20, 21]. If indeed these changes are 
present in vivo, then swelling of the cellular structures as well 
as the intercellular spaces would further increase the tissue 
pressures in the optic disk and contiguous nerve, thereby 
accelerating the anoxic injury. 

Regardless of these speculations, early pathologic evidence 
suggests that up to 35% of the optic nerve fibers may be 
obliteratec in an eye with normal visual field testing, more 
than 50% with early visual defects, and 90% or more fibers 
may be-nenfunctioning with severe field loss [32]. This has 
important implications in patients with abnormal pressure 
gradients at the optic nerve head of variable duration, due to 








space and bulging optic disk. A = subarachnoid space; C = choroid; CV = 
centrai retinal vessels; D = optic disk; N = optic nerve; S = optic sheath; 
Sc = sclera; V = vitreous of globe. 





any cause, but with “normal” visual testing [33]. It indicates 
that injury to the optic nerve must already be significant by 
the time visual acuity begins to suffer, and therefore suggests 
that clinical intervention seems to be warranted as early as 
possible to correct the damaging aberrant pressure parame- 
ters before visual deterioration becomes apparent [10, 12, 
14, 34-36]. 

in summary, patients with increased ICP of any crigin often 
demonstrate optic disk swelling that initially is largely from 
transmitted pressure along the subarachnoid space accom- 
panying the optic nerve sheath and terminating at the optic 
nerve head. This results in optic papilla protrusion with at- 
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tendant depressed perfusion of the optic nerve head, which 
may be temporary, depending on the degree of injury. The 
multifactorial insult of direct pressure effects, decreased per- 
fusion, an increase in the inter- and possibly intracellular fluid 
content, and a disruption in axoplasmic flow/exchange ali 
combine to produce insidiously progressive blindness, leading 
to optic nerve atrophy. It would seem imperative, therefore, 
particularly in cases of visually labile cranial hypertension, that 
the focus clinically should be the immediate reduction of the 
increased ICP to physiologic levels so that both the perfusion 
of the optic disk as well as the axonal transport mechanisms 
can be restored, thereby averting permanent injury to the 
optic nerve. 
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The Diagnostic Accuracy of 
Preoperative CT Scanning in 
the Evaluation of Pituitary 
ACTH-Secreting Adenomas 





Between 1980 and 1985, 35 patients (26 women and nine men) who had coronal CT 
scans of the sella turcica for suspected ACTH-secreting pituitary adenoma underwent 
transsphenoidal exploration. The CT examinations were performed with a fourth-gen- 
eration EMI scanner (CT 7070). The reports of the preoperative CT examinations were 
compared with the findings at transsphenoidal exploration; in cases with negative CT 
scans, the decision to operate was based on biochemical evidence of Cushing’s disease. 
in 27 patients, distinct adenomas were found at surgery; in the eight others, total 
hypophysectomy (four cases) or resection of the central core of the pituitary gland (four 
cases) was performed. Three patients had macroadenomas, all of which had been 
identified correctly on preoperative CT scan. Among the 24 microadenomas (<10 mm 
diameter), 14 had been correctly identified on preoperative CT scan while 10 were found 
in patients with negative scans. The CT examinations in these 35 patients showed 
probable adenomas in 20 cases, of which 17 (85%) were confirmed at surgery. In the 
other three cases (15%), adenomas were not found. Among the 15 patients with negative 
CT scans, 10 (66.6%) had distinct adenomas found at surgery. Coronal CT scans for 
ACTH-secreting adenomas had a sensitivity of 63%, a specificity of 62.5%, and an 
overall accuracy rate of 62.8%. Thus, in our experience, CT scanning with current state- 
of-the-art equipment has poor diagnostic accuracy in Cushing’s disease. The possible 
reasons for this are that most of the adenomas in this series were microadenomas less 
than 6 mm in diameter, and that ACTH microadenomas probably show almost the same 
degree of enhancement with contrast medium as the surrounding normal pituitary tissue. 


in recent years, high-resolution CT of the sella turcica has almost completely 
replaced all other imaging techniques in the investigation of abnormalities of the 
pituitary gland. However, there is scant information about the diagnostic accuracy 
of this procedure, especially in regard to the identification of adenomas in Cushing’s 
disease [1-6]. Over a period of 5 years between 1980 and 1985, 35 patients who 
had coronal CT scans of the sella turcica at the Montreal General Hospital for 
suspected ACTH-secreting adenoma underwent transsphenoidal exploration. We 
reviewed the findings in these patients in order to document the reliability of the 
CT imaging technique for identifying the lesion preoperatively. 


Subjects and Methods 


The patients included in this study had been referred for CT of the sella turcica because 
of clinical and biochemical evidence of pituitary-dependent cortisol hypersecretion. The CT 
examinations were performed with a fourth-generation scanner (EMI CT 7070}. Tne patients 
were placed on the scanner couch in the prone position with the neck hyperextended. The 
scanner gantry was angled 90° to a line connecting the outer canthus of the eye to the 
external auditory meatus (canthomeatal line) in order to obtain direct coronal views. 

Technical factors were chosen so as to optimize image quality and contrast resolution 
while confining the examination time to a reasonable duration: 120 kVp, 80-99 mA, scan 
time 3 or 6 sec, slice width 3-5 mm (5 mm slice width was only used for the three 
macroadenomas, which appeared obvious on the initial plain scans), slice overlap 7 mm, scan 
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wedge 250 mm. The final pixel size was 0.22-0.31 mm. Scans were 
obtained both with and without contrast enhancement for each 
patient. After completion of the plain scans, contrast material was 
injected as a rapid bolus through an indwelling IV catheter and 
contrast-enhanced images were obtained immediately. Before August 
1982, patients received 2.2 mi of 60% iothalamate (Conray 60) per 
kg body weight up to a maximum of 150 mi (about 42 g iodine, 
maximum) given as rapidly as possible (usually 3-4 min) by hand 
injection through a gauge-19 butterfly needle. Twelve patients were 
scanned in this manner. Subsequently, the contrast material was 
changed to 76% diatrizoate (Renografin 76 or MD 76%) and the 
technique of contrast enhancement was modified; after the rapid 
injection of 30 mi of MD 76%, several slices were taken and then 
further aliquots of 15-20 ml were injected for every three slices, 
resulting in the administration of a total of about 20 g of iodine. With 
either technique the examination was usually completed within 20 
min after injection of the first bolus of contrast. 

ACTH-secreting microadenomas were diagnosed by CT scanning 
as areas of low density within a contrast-enhanced pituitary gland. 
Hypodense areas were considered to be summations of streak 
artifacts rather than adenomas if (1) they had a linear shape and 
traversed adjacent extrasellar structures or (2) their size and shape 
corresponded to adjacent areas of dense bone such as the junction 
of a sphenoid septum or lateral sphenoid wail to the floor of the sella 
turcica. Small changes in gland height or in the contour of the sellar 
floor alone were not considered diagnostic at the time of reporting 
for purposes of clinical management of the patients. 

The data concerning the interpretation of CT scans were gathered 
by reviewing the reports made by the examining neuroradiologist 
before the transsphenoidal surgical interventions. The neuroradiolo- 
gists had access to clinical information such as history, physical 
findings, and results of biochemical tests, and they were able to see 
the patients at the time the scans were performed and interpreted. 
Four patients had more than one CT scan before surgery, and in 
these cases the study closest to the date of surgery was the one 
included in the series. 

Our series consists of 35 patients (26 women and nine men) who 
underwent transsphenoidal exploration between 1980 and 1985. In 
patients with negative CT scans, the decision to operate was based 
on biochemical evidence of pituitary-dependent Cushing's disease. 
Ail transsphenoidal explorations were performed by the same neu- 
rosurgeon. The size and location of the adenoma reported by the 
neurosurgeon and confirmed by pathologic studies were taken as 
the standard against which the CT findings were compared. Cases 
in which microscopic adenomas were found in the pathologic speci- 
mens but were not visible to the neurosurgeon were considered for 
purposes of statistical calculations to have no adenoma. 


Results 


in 27 of the 35 patients, distinct adenomas were found at 
surgery, while in the eight others total hypophysectomy (four 
cases) or resection of the central core of the pituitary gland 
(four cases) was performed. Histologic examination revealed 
microscopic distinct adenomas in one total hypophysectomy 
specimen and in one core resection specimen. 

CT scans of the three patients with macroadenomas all 
showed changes in gland height, superior contour, stalk 
position, and appearance of the bone of the sella turcica. One 
lesion was approximately 30 mm in diameter with a large 
suprasellar extension and virtually complete destruction of 
the sella floor, and the pituitary stalk was unrecognizable. Of 
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the two others, one showed a gland height of 9 mm with 
convex contour, displacement of the stalk to the right, and 
lowering of the sella floor on the left; the other showed a 
gland height of 14 mm with upward bulging and displacement 
of the stalk to the left and thinning of the bone. 

Among the other 32 cases, gland height was not measur- 
able in three cases; it was 3 mm in one case, 4 mm in two 
cases, 5 mm in eight cases, 6 mm in nine cases, 7 mm in 
three cases, and 8 mm in six cases. A convex superior 
contour was seen in three cases, all with a gland height of 8 
mm; in one of these cases the stalk was displaced to the 
right and there was a hypodense lesion that proved to be an 
adenoma at surgery. Of the other two cases with a midline 
Stalk, one showed a hypodense defect but both patients 
underwent core resections because no distinct adenoma 
could be found by the surgeon. In 10 cases the superior 
contour of the gland was concave and in all the stalk was 
midline. In five cases hypodense lesions were reported—one 
in association with generalized thinning of the sella floor and 
another with localized thinning of the floor on the right side— 
four of which were confirmed at surgery. The patient with the 
localized thinning of the floor underwent total hypophysec- 
tomy. In the five cases without hypodense lesions, no bone 
changes were observed and among these one was found at 
surgery to have a distinct 5-mm adenoma while three had 
total hypophysectomies and one had a negative exploration 
without total hypophysectomy. in 18 cases the superior con- 
tour was flat; bone changes were seen in only one of these, 
which had lowering of the floor on the left side but a central 
4-mm hypodense lesion that was confirmed at surgery. Stalk 
deviation was seen in two cases, one associated with a 
hypodense lesion susequently confirmed to be an adenoma 
and the second with an otherwise negative scan; the latter 
patient had a gland height of 6 mm and stalk deviation to the 
right. At surgery she was found to have an adenoma meas- 
uring 3 mm in diameter in the center of the gland. 

Overall, among the 15 patients who did not have hypodense 
lesions on CT scan, one had a gland height of 8 mm with 
convex superior contour, and no distinct lesion was found at 
surgery; one only had stalk deviation, and an adenoma was 
found at surgery; while in nine other cases without any 
detectable CT changes, distinct adenomas were subse- 
quently found by the neurosurgeon at surgery. Thus, it ap- 
pears that CT changes other than hypodense lesions were 
not helpful in diagnosing ACTH adenomas; and in the statis- 
tics presented below, positive CT findings refer only to hy- 
podense lesions. 

Table 1 compares the surgical and CT findings in this series. 
Three of the patients had macroadenomas (>10 mm in di- 
ameter), and ali had been correctly identified on CT scan. Of 
17 microadenomas suspected on the basis of the CT scan, 
14 (82.4%) were confirmed at surgery; in the other three 
cases gross adenomas were not found. Among the 15 pa- 
tients with negative CT scans, 10 (66.6%) had distinct ade- 
nomas found at surgery. Five patients had negative CT scans 
and no gross adenomas at surgery. Eight patients with neg- 
ative CT scans had tumors found at surgery; in two other 
patients lesions had been suspected on the preoperative CT 
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scans but the adenomas found at surgery were in a location 
different from that described on the CT scan—thus, these 
CT scans were considered negative for purposes of statistical 
calculations. Consequently, in the present series, coronal CT 
scans for ACTH-secreting adenomas had a sensitivity, or true 
positive rate, of 63%; a specificity, or true negative rate, of 
62.5%: and an overall accuracy rate of 62.8%. 

For the group of microadenomas the sensitivity was 58.3%, 
the specificity 62.5%, and the accuracy 59.4%. Comparison 
of the results with dynamic scanning versus the nondynamic 
technique shews that for the 12 patients studied with the 
single-injection method sensitivity was 87.5% and specificity 
75%, whereas for the 20 patients examined with dynamic 
scanning the sensitivity and specificity were 43.8% and 50%, 
respectively; there is no statistically significant difference be- 
tween these two subgroups by chi-squared analysis. 

In the microadenoma group there was a preponderance of 
very small lesions, with 23 of the 24 tumors found by the 
neurosurgeon measuring 6 mm or less in diameter (Fig. 1). 
The location of the adenomas was classified as central, 
paracentral, or lateral. Of the 14 microadenomas with the true 
positive CT scan findings, eight were central, three were 


TABLE 1: ACTH-Secreting Adenomas 





Operation CT Scan 
Tumors ee SaaS ely E 
+ -— + -— 
Macroadenomas 3 3 
Microadenomas 14 3 17 
8 5 1a 
2 2* 
Total 27 8 20 15 





* Two tumors ound in locations not corresponding to suspected CT lesions. 
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paracentral, and three were lateral (Fig. 2). Among the tumors 
identified by the neurosurgeon in patients whose CT scans 
had been classified as negative, nine were central and one 
was lateral. Of the two tumors discovered only on pathologic 
study of hypophysectomy or biopsy specimens, one was 
lateral and the other central. Thus, of the 26 microadenomas 
identified at surgery or by histology, 18 were centrally located, 
three were paracentral, and five were lateral. 


Discussion 


In our experience, CT scanning with current state-of-the- 
art equipment and technique is much less helpful in Cushing’s 
disease than in prolactinomas [7]. A similar discrepancy has 
been reported from another center [6], although the total 


ACTH - SECRETING MICROADENOMAS 


10 


Number 
on 
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Fig. 1.—Size distribution of 24 ACTH microadenomas visible during trans- 
sphenoidal surgery. 





Fig. 2.—A, Example of a centrally located ACTH microadenoma. 
B, Exampie cf an ACTH microadenoma classified as paracentral. 
C, Example cf a lateral ACTH microadenoma (arrow) in left side of pituitary gland. Note coexistent, partially empty sella. 
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number of cases is smaller and the sensitivity rates in each 
type are lower. The possible reasons for this are that most of 
the adenomas in this series were microadenomas less than 6 
mm in diameter and that some ACTH microadenomas prob- 
ably enhance with contrast medium in a manner similar to 
normal pituitary tissue. Ten of the 32 patients (31.3%) sus- 
pected of harboring microadenomas had a concave superior 
gland contour indicative of a partially empty sella turcica; this 
proportion is not unusual when compared with the general 
population [8-11], and coexistence of adenomas with partially 
empty sellae has been reported previously [12-15]; the rate 
of detection of adenomas in these 10 patients—sensitivity 
and specificity both 80%—was no worse than for the group 
as a whole. The finding that CT changes other than hypo- 
dense lesions were infrequent and not helpful in diagnosing 
ACTH microadenomas is in agreement with the report of 
Davis et al. [6] and might also be explained by the smail size 
of many of the lesions in this group as well as by the variations 
in normal pituitary anatomy [9]. 

Other reports in the literature also document a preponder- 
ance of small microadenomas in recent series of patients with 
Cushing’s disease [5, 6, 16, 17]. Information about the ac- 
curacy of CT scanning is scant, but in one series of 12 patients 
[4] the sensitivity was approximately 18% and the false- 
negative rate was approximately 73% for microadenomas, 
while in a second series [6] the sensitivity was 22% in a group 
of nine microadenomas. Better sensitivity was found in a 
group [18] in which 12 of 19 patients with biochemical abnor- 
malities suggestive of ACTH pituitary adenomas were found 
to have hypodense lesions on coronal CT. Since only cases 
with positive CT were explored surgically, actual sensitivity 
and specificity cannot be calculated; microadenomas were 
found in eight of these, with four scans considered to be false 
positive. Statistics such as these have provided an impetus 
for attempts to develop other diagnostic techniques, such as 
inferior petrosal venous sampling [5]. 

The predominantly central location of ACTH-secreting pi- 
tuitary microadenomas found in this series is consistent with 
surgical findings previously reported on another group of 
patients without preoperative CT scans [19] and is in agree- 
ment with CT findings reported by Bonafe et al. [2]; however, 
it is in contradiction to the experience reported by three other 
groups [5, 20, 21]. 

Our conclusions from this study are that in the present 
context a positive pituitary CT scan in a patient with clinical 
and biochemical evidence of Cushing's disease is very helpful, 
but a negative CT scan should not be considered a contrain- 
dication to transsphenoidal surgical exploration in centers 
with expertise in this procedure [19, 22]. 
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Addendum 


In the interval since this paper was accepted for publication, 
a report by S. C. Saris, N. J. Patronas, J. L. Doppman, et al. 
about the accuracy of pituitary CT scanning in Cushing's 
syndrome was published (Radiology 1987:162:775-777). 
These authors found a sensitivity of 30% and a diagnostic 
accuracy of 39% in a group of 57 patients, comprising 50 
patients with surgically proven pituitary adenomas and seven 
patients with ectopic ACTH-producing tumors. 
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MR Evaluation of 
Hydrocephalus 





An analysis of sagittal T1-weighted MR studies was performed in 23 patients with 
hydrocephalus, 58 patients with atrophy, and 100 normal patients. The average mamil- 
lopontine distance was 1.15 cm for the normal group, 1.2 cm for patients with atrophy, 
and 7.5 mm for patients with hydrocephalus. A reduction of the mamillopontine distance 
below 1.0 cm was found in 22 patients with hydrocephalus, 5 patients with atrophy, and 
15 normal patients. Dilatation of the anterior third ventricle was noted in 21 patients in 
the hydrocephalus group and in none of the patients in the atrophy and normal groups. 
The average thickness of the corpus callosum at the level of the foramen of Monro was 
6 mm in normal subjects and was reduced below 6 mm in 16 of the hydrocephalus 
patients. Smooth elevation of the corpus callosum was noted in 20 hydrocephalus 
patients, in 2 patients with atrophy, and in none of the normal patients. MR improves the 
accuracy of diagnosis in patients with hydrocephalus both because of its ability to show 
small obstructing lesions that are not depicted by CT and because the mass effect of 
the distended supratentorial ventricles produces anatomic changes that are delineated 
with precision by MR. 


CT provides incomplete information for diagnosing hydrocephalus produced by 
very small or isodense pathologic changes in the aqueduct and in the foramen of 
Monro [1, 2]. Even with advanced CT techniques, use of contrast media in the 
subarachnoid space and ventricular system was essential in the CT evaluation of 
some cases of hydrocephalus [3-5]. 

MR with a high-field-strength magnet has returned to neuroimaging the more 
detailed anatomic studies of the midline ventricles and surrounding brain tissue in 
the lateral view that used to be achieved with high-quality pneumoencephalography. 
This is achieved noninvasively and without alteration of the CSF dynamics. 

MR is superior to CT in the diagnosis of hydrocephalus because of its ability to 
visualize small obstructing lesions in relation to the midline structures, which CT is 
unable to depict (Figs. 1-4). The enhanced CT in all the cases illustrated only 
showed dilatation of the lateral ventricles. MR studies, however, showed the site 
and the nature of the obstructing lesions. 

MR also clearly outlined the anatomic changes caused by distention of the lateral 
and third ventricles from obstruction of CSF pathways. This report focuses on the 
changes of the distended supratentorial ventricles in hydrocephalus as seen by 
MR and compares them with normal studies and with cases showing evidence of 
atrophy. 


Materials and Methods 


Sixty-six patients with varying degrees of hydrocephalus were examined by MR during a 
period of 9 months. Of these, the MR findings of 23 patients with moderate or severe 
hydrocephalus with distention of the lateral and third ventricles were selected for study. 
These studies were compared with MR examinations of 58 patients whose MR studies were 
thought to be consistent with varying degrees of cerebral atrophy. Twenty-five patients were 
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Classified as having mild atrophy and 33 as having moderate atrophy. 
One hundred patients whose MR studies were evaluated as normal 
were also included in the analysis. 

The hydrocephalus patients ranged in age from 2 months to 68 
years, with five patients under age 20. There were 16 females and 7 
males. One patient had postinflammatory obstruction at the foramen 
of Monro with intraventricular bands, eight patients had aqueduct 
obstruction (three were due to nontumorous stenosis, two to gliomas, 
two to pinealomas, and one to thalamic abscess extending into the 
mesencephalon). There were eight posterior fossa tumors (five acous- 
tic neurinomas, one Chiari | malformation, one choroid plexus papil- 
loma, and one medulloblastoma). Six cases of extraventricular ob- 
structive hydrocephalus were also included, of whom only one had 
known definite etiology of the obstruction (subarachnoid hemor- 
rhage). 

Fifty-eight consecutive patients with atrophy, including 26 men and 
32 women ranging in age from 27 to 85 years, were also studied. 

One hundred consecutive normal MR studies were obtained from 
volunteers, patients with psychosomatic complaints, and patients 
with clinical symptoms of neurologic disease such as headaches and 
seizures. There were 63 women and 37 men, ranging in age from 21 
to 78 years. 

The MR examinations were obtained on a 1.5-T superconductive 
magnet. Sagittal images were obtained using 3-mm-thick sections 
spaced 0.6 mm apart, with four excitations, an echo delay time (TE) 
of 25 msec, and a repetition time (TR) of 800 msec. The field of view 
was 24 cm. 

Measurements were obtained on the radiograph hard copies (15 
images exposed on a 14 x 17 radiograph). The 24-cm field of view 
was used for all cases, and the measurements were converted to 
life-size by computer analysis. The following observations and meas- 
urements were made in all cases from the lateral T1-weighted images: 
(1) Appearance of the anterior third ventricle: (2) Mamillopontine 
distance; (3) Distance between corpus callosum and posterior fornix; 
(4) Corpus callosum shape and thickness measured at the level of 
the foramen of Monro; and (5) CSF flow-void Signal in the aqueduct 
and the third ventricle. 


Results 


Distension of the lateral and third ventricles due to CSF 
obstruction produces anatomic changes that are Clearly delin- 
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eated on high-resolution T1-weighted lateral MR images (see 
Table 1). The measurements and appearance of the normal 
anatomy in relation to the third ventricle and corpus callosum 
are distinctly different from the appearance when there is 
cerebral atrophy or significant obstruction of the CSF path- 
ways. 


Anterior Third Ventricle 


In all normal studies and in cases with atrophy, the anterior 
third ventricle appeared collapsed with small anterior re- 
cesses. In the hydrocephalus group, 21 of 23 cases showed 





P r 
Fig. 2.—Aqueduct stenosis in a 45-year-old man. This 
was diagnosed only on MR. Enhanced CT scan, not 
shown, demonstrated dilated lateral ventricles. Lateral T1- 
weighted image (TR = 800, TE = 25 msec) shows focal 
stenosis of aqueduct (black arrow). Note also the lobula- 
tion of pons (open arrowhead) and dilated anterior third 


ventricle (white arrow). Mamillopontine distance is re- 
duced. 





Fig. 1.—Hypodense nonenhancing colloid cyst not diagnosed by CT. 

A, Transaxial enhanced CT shows unilateral dilatation of left lateral ventricle. The cause is not apparent. 

8, Sagittal T1-weighted MR reveals colloid cyst at foramen of Monro extending into third ventricle (arrow) and left lateral ventricle (asterisk). Optic 
recess of third ventricle is dilated. (TR = 800, TE = 25 msec) 

C, Coronal section shows colloid cyst (asterisk) in left lateral ventricle. (TR = 2000, TE = 25 msec) 
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Fig. 3.—Aqueduct obstruction not shown by enhanced CT. 


A, Nonneoplastic aqueduct stenosis (arrow). Note normal quadrigeminal plate (TR = 800, TE = 25 msec). There is significant forward displacement of 
optic chiasm and pituitary infundibulum by massively dilated anterior third ventricle. 

B and C, Small right quadrigeminal plate tumor producing aqueduct obstruction. In B, note rounded slight enlargement of quadrigeminal plate in relation 
to aqueduct obstsuction (arrow). Patient has massive dilatation of third ventricle with significant elevation and thinning of corpus callosum and reduced 
mamillopontine distance. Transaxial view in C shows high signal (arrow) in right side of quadrigeminal plate. (TR = 2000, TE = 25 msec) 


Fig. 4.—Effects of dilated third ventricle in 
two cases of benign aqueduct stenosis. 

A, Massive dilatation of third ventricle. Pos- 
terior third ventricle is also massively dilated, 
preventing downward displacement of posterior 
fornix (arrow). Diiated upper aqueduct is assim- 
ilated into cavity of third ventricle. Note very thin 
rim of quadrigeminal plate between dilated pos- 
terior third ventricle and precentral cerebellar 
vein. Mamillary body almost touches top of pons. 

B, Another petient with aqueduct stenosis. 
Quadrigeminal piate appears normal. Posterior 
third ventricle is not dilated, allowing downward 
displacement of posterior fornix. Anterior third 
ventricle is also dilated with reduction of mamil- 
lopontine distance. 


variable distention of the anterior third ventricle; massive 
dilatation and ballooning was noted in nine of these. 


Appearance and Thickness of Corpus Callosum 


The average thickness of the corpus callosum in normal 
studies was measured as 2.2 mm on the radiograph (6 mm 
actual patient measurement). Depressions and defects on its 
superior surface were found in 36% of the cases. In 13% the 
corpus callosum was relatively thick. The inferior margin 
appeared regular and smooth. 

With hydrocephalus, 20 of 23 patients showed a rounded 
elevation of the corpus callosum with uniform smooth thin- 
ning. In the atrophy group, the thickness of the corpus cal- 
losum was reduced, and the reduction paralleled the severity 





of the atrophy. In 25 patients with mild atrophy, only two had 
thicknesses that measured less than 2 mm (6 mm), while 19 
of 33 patients having moderate atrophy showed a measure- 
ment less than 2 mm (6 mm). In five of the latter cases, the 
thinning of the corpus callosum was very irregular (Fig. 5A). 


MP Distance (Fig. 6) 


In normal patients, the average measurement was 3.8 mm 
on radiographs (1.15 cm actual patient measurement) with a 
standard deviation of 0.3 mm (0.9 mm). A reduced mamillo- 
pontine distance below 3.5 mm (1 cm) was noted in 22 of 23 
patients with hydrocephalus. In some patients the mamillary 
body touched the pons. Reduction of the mamillopontine 
distance in four patients was thought to be due partly to the 
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A 


Fig. 5.—Comparison between atrophy and hydrocephalus. 
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A, Patient with atrophy. There is irregular thinning of corpus callosum, which remains flat without elevation (arrow). Also note normal mamillopontine 
distance and appearance of anterior third ventricle. 

B and C, Extraventricular obstructive hydrocephalus. Patient had positive isotope cisternography with persistent uptake in lateral ventricles up to 48 hr. 
Clinical features were consistent with “normal pressure” hydrocephalus. There is dilatation of optic recess of third ventricle (C). Patient also had empty 
sella, possibly due to intermittent increased CSF pressure. Flow-void signal in third ventricle, possibly due to reflux, is noted in B (arrow). Note thinning 
and elevation of corpus callosum, depression of posterior fornix, and reduction of mamillopontine distance. (TR = 800, TE = 25 msec) 


TABLE 1: MR Observations and Measurements in 100 Normal Patients and in Patients with Hydrocephalus (23) and Atrophy (58) 











Findings Normal Patients 
Dilated anterior 
third veritricle 0 


Average MP distance 
Diminished MP distance 
3.5 mm (1 cm) and below 


3.8 mm (1.15 cm)* 


15 (2, advanced empty sella; 
7, angle between medulla 
and spinal cord) 


Corpus-fornix distance Range, 0-3 mm (0-8 mm)’; 
2, more than 2 mm (6 
mm)* 

6, below 2 mm (6 mm)’; 
range, 1.7-3 mm (5-9 
mm)*; average, 2.2 mm (6 
mm)*; 13, 2.5-3 mm (7.5- 
9 mm)* 

No elevation in 100; 36, 
depressions and defects, 
mostly posterior 


Corpus callosum thickness 


Corpus callosum shape 


Void signal 19 
Aqueduct only 17 
Also in third ventricle (possible 

reflux) 2 





Note.—MP = mamillopontine. 


Hydrocephalus 


21 (9, massive dilatation) 
2.5 mm (7.5 mm)* 


22 (a few, mamillary body 
touched pons; 4, re- 
duction was partly due 
to posterior fossa tu- 
mor) 

Range, 4-10 mm (1.2-3 
cm)*; 15, more than 5 
mm (1.5 cm)* 

16, below 2 mm (6 mm)’; 
range, 0.5-2 mm (1.5- 
6 mm)* 


20, smooth round eleva- 
tion; 2, irregular thin 
corpus 

14 
1 


13 


* Radiograph measurement and corrected actual patient measurement (in brackets). 


elevated pons consequent to a posterior fossa mass. 

In the atrophy group, the average mamillopontine distance 
was slightly higher than normal, 4 mm on radiographs (1.2 
cm actual patient measurement). In 15% of normal patients, 
the mamillopontine distance was below 1 cm (actual patient 
measurement). In 50% of these cases there was angulation 
between the medulla oblongata and the spinal cord. In the 
normal group, such angulation was found in only 14 (14%) of 


Atrophy 
0 
4.0 (1.2 cm)* 
5 


Range, 0-5 mm (0-1.5 cm)*; 
30, more than 2.5 mm 
(7.5 mm)* 

21, below 2 mm (6 mm)*; 
range, 1-3 mm (3-9 mm)* 


2, elevated corpus, mild in 1; 
5, irregular corpus cal- 
losum 

24 
Pa 


7 


the studies. And in seven (50%) of these, the mamillopontine 
distance was below 1 cm (actual measurement). 


Distance Between Corpus Callosum and Posterior Fornix 


With hydrocephalus, the distended lateral ventricles tend 
to depress the posterior fornix. In 98% of the normal group, 
the corpus callosum posterior fornix distance was less than 
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2 mm on radiographs (6 mm actual patient measurement). 
Fifteen of 23 hydrocephalus cases had measurements of 
more than 3 mm (9 mm). 


CSF Flow-Void Signal 


In 19% of the normal group, there was evidence of a void 
signal in the aqueduct. In only 2% there was also linear void 
signal in the cavity of the third ventricle, which may suggest 
reflux movement of CSF from the aqueduct into the third 
ventricle. In the hydrocephalus group, 14 of 23 patients had 
void signal in the aqueduct. All except one also showed a 
linear void signal in the third ventricle, suggesting reflux (Figs. 


V 





Fig. 6.—Measurement of mamillopontine dis- 5B and 7). Four of the 23 patients had obstruction or obliter- 
meraes: apanan iaai a ation of the aqueduct with no void signal. Therefore, in 14 of 
illary body to top of pons parallelto anterior aspect 19 patients with hydrocephalus in whom the aqueduct was 
of mesencephalon. Note normal thickness and patent, a CSF flow-void signal was observed. In the atrophy 
apai anager ler nn o TE = group, 24 of 58 patients had a void signal. Seven of these 
25 msec) also showed linear void signal in the third ventricle. 


Fig. 7.—Void signal due to CSF movement in 
third ventricle. 

A, 56-year-old woman with extraventricular 
obstructive hydrocephalus of unknown origin. 
Corpus callosum is elevated with uniform thin- 
ning (thick white arrow) and posterior fornix is 
depressed (black arrow). Note tow signal in aq- 
ueduct and third ventricle due to CSF movement 
(thin white arrow). 

B, 7-year-old girl with meduiloblastoma and 
extraventricular obstructive hydrocephalus. Mid- 
sagittal section shows CSF movement (arrow) 
into third ventricle. (TR = 800, TE = 25 msec) 

C, Adjacent parasagittal image shows ad- 
vancement of low signal to foramen of Monro 
(arrow). 

D, Transaxial image shows low signal within 
third ventricle (arrow). (TR = 2000, TE = 25 
msec) 
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Discussion 


MR demonstrates with precision and detail the cause and 
site of obstruction in many patients with hydrocephalus; and 
the outline of the cerebral structures particularly in the midline 
by MR is far superior to that of CT (Figs. 1-4, 5B, and 5C). 

Hydrocephalus produces increased intraventricular pres- 
sure with the result that the dilated supratentorial ventricles 
act like a mass to produce compression and displacement of 
adjacent brain structures. The following MR findings are 
suggestive of CSF pathways obstruction: 

1. Dilatation of the anterior third ventricle. 

2. Inferior bowing and displacement of the hypothalamus 
with reduction in the mamillopontine distance. 

3. Depression of the posterior fornix with increase in the 
superior inferior dimensions of the lateral ventricles. 

4. Uniform smooth thinning and elevation of the corpus 
callosum. 

5. Intraventricular flow void due to CSF movement. 

6. Paraventricular high signal on proton density and on T2- 
weighted images. 

Stretching and upward displacement, as well as smooth 
and relatively uniform thinning of the corpus callosum, occurs 
in patients with hydrocephalus consequent to the lateral 
ventricle distention (Figs. 2-4, 5B, and 7A). In patients with 
atrophy, although there is thinning of the corpus callosum, it 
appears flat and is not elevated in the majority of cases. Also, 
in some cases, irregular reduction in the mass of the corpus 
callosum may be diagnostic of atrophy, especially along the 
inferior margin of the corpus callosum (Fig. 5A). Only two 
cases in the atrophy group showed any elevation of the 
corpus callosum, which was very mild in one. None of the 
100 normal studies showed elevation of the corpus callosum. 

The posterior fornix may be depressed due to distended 
lateral ventricles with increase in their superior inferior dimen- 
sions. In some cases of hydrocephalus, particularly with be- 
nign aqueduct obstruction, excessive distention of the pos- 
terior third ventricle may prevent the downward displacement 
of the posterior fornix (Fig. 4B). 

All patients in the normal and atrophy groups showed 
normal appearance of the anterior inferior third ventricle, and 
21 of the 23 cases of advanced hydrocephalus had dilatation 
of the anterior third ventricle. The appearance of the anterior 
third ventricle is a helpful feature in distinguishing atrophy 
from CSF obstruction [6, 7]. 

Dilatation of the third ventricle in patients with atrophy is 
seen only in the transverse diameter of the body of the third 
ventricle. The anterior inferior recesses remain collapsed and 
small (Fig. 5A). With CSF obstruction, the optic and infundi- 
bular recesses dilate and the lamina terminalis is bowed 
forward. In significant distention of the third ventricle the 
anterior third may assume a ballooned appearance. In these 
cases the pituitary gland appears flattened and there is 
compression and forward displacement of the optic chiasm 
and the pituitary infundibulum (Fig. 3). The posterior third 
ventricle and upper aqueduct may also dilate with significant 
atrophy of the quadrigeminal plate (Fig. 4A). The general 
distention of the third ventricle will also result in downward 
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displacement of the hypothalamus with reduction of the mam- 
ilopontine distance. 

The mamillopontine distance (Fig. 6) is measured from the 
anterior root of the mamillary body to the top of the pons 
parallel to the anterior mesencephalon. The normal average 
distance was found to be 3.8 mm on the radiograph, which 
is about 1.15 cm calculated actual life-size. In 85% the actual 
measurement was 1 cm or more. In patients with advanced 
hydrocephalus, the mamillopontine distance was diminished 
in virtually every case. In the atrophy group the average 
mamillopontine distance was 4.0 mm (true measurement of 
1.2 cm). 

Increased intraventricular pressure and ventricular disten- 
tion may result in rupture of the ventricular ependyma and 
increased transependymal transport of CSF, with resultant 
increase in water content in the periventricular region resulting 
in high signal on T2-weighted sequences. Periventricular high 
signal surrounding the third and fourth ventricles and temporal 
horns may also be observed in some cases of hydrocephalus. 
A thin crescent of high signal, especially in relation to the 
angles of the frontal horns, is a normal finding on T2-weighted 
images. This has been recently observed in over two-thirds 
of normal MR examinations [8]. Since periventricular high 
signal on T2-weighted images is commonly observed in mid- 
dle-aged and elderly patients, the value of this sign as a 
differentiating feature between hydrocephalus and atrophy is 
limited in these age groups. 

Direct observation of CSF movement can be made on MR 
examination from the appearance of a void within the aque- 
duct and third ventricle and in a few patients at the level of 
the foramen of Monro [9, 10]. CSF flow normally has a 
pulsatile and bidirectional component [11]. The void signal is 
more frequently seen in patients with hydrocephalus, how- 
ever, and we believe that this is due to an increased incidence 
of CSF movement and possible reflux as shown by isotope 
cisternography. The linear appearance of the flow-void signal 
in the third ventricle suggests a reflux of the CSF from the 
aqueduct (Figs. 5B and 7). The void signal was noted in 19% 
of the normal group, in 41% of the atrophy group, and in 74% 
of hydrocephalus cases without distortion or obstruction of 
the aqueduct. Only two of the normal patients also had a void 
signal, with possible reflux, in the third ventricle. in the 14 
cases of hydrocephalus with flow-void signal, only one did 
not show void signal in the third ventricle. In the atrophy 
group, seven of the 17 cases that showed void signal in the 
aqueduct also had flow-void signal in the third ventricle. 

Although the differential diagnosis of atrophy versus hydro- 
cephalus in elderly patients with dilated ventricles remains a 
difficult diagnostic problem, because CSF obstruction may be 
associated with brain atrophy, MR can still provide helpful 
ancillary information in some cases. 


Summary 


In the evaluation of patients with hydrocephalus, MR illus- 
trates the anatomic changes that occur with increased intra- 
ventricular pressure and ventricular distention better than CT 
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does, in part because of itsanultiplanar imaging capability and 
particularly because of the value of its lateral projection. 
Differentiation between patients with extraventricular obstruc- 
tive hydrocephalus and cerebral atrophy is improved with MR, 
and MR may demonstrate a cause of obstruction that is not 
adequately outlined by CT. either because of the small size 
of the obstruction, lesion location, or attenuation. Preliminary 
MR observations related tosdynamics of the CSF flow indicate 
that MR also has great pciential for contributing to a better 
understanding of CSF circulation. Further investigation in this 
area should prove rewarding. 
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Biological Effects and Health Implications of Radiofrequency Radiation. By Sol M. Michaelson and James C. 


Lin. New York: Plenum, 675 pp., 1987. $79.50 


This text is ideal for a course on the bioeffects of RF radiation in a 
graduate program of radiation physics or radiation health. The text 
contains 20 chapters that are devoted to the bioeffects, including the 
physical basis of electromagnetic radiation, dosimetry, dielectric prop- 
erties of materials, and absorption of RF radiation; biological effects, 
including reproduction, development, growth, thermal regulation, and 
neural effects; and cardiovascular, hemopoietic, immunologic, and 
biochemical effects. The discussions on skin burns caused by expo- 
sure to RF radiation and on cataracts are particularly good. The text 
concludes in chapters 19 and 20 with a discussion with epidemiologic 
findings to date and a comprehensive review of individual and general 
public protection guides in the United States and abroad. 

One of the stated purposes of the text is to provide the readers 
with an up-to-date review of the literature on the bioeffects of RF 
radiation. This is particularly difficult because the numerous reports 
and publications are not always readily accessible; they may be 
governmental, vendor, or technical reports (as opposed to journal 
publications). This goal clearly has been achieved as the book has 
good discussions on wide-ranging topics, borrowing from difficult-to- 
locate reports. In particular, | appreciated the careful and complete 
discussion of the information contained in chapter 5, “Propagation 
and Absorption in Tissue Media.” The authors review numerous 
reported data and provide reproductions of distributed human SAR 
(specific absorption rate) measurements and calculations. 

One of the best written chapters is that on cataracts and other 
ocular effects. The authors carefully and logically develop the various 
discussions, leading to appropriate conclusions on cataracts that 
develop after exposure to RF radiation. The same scientific informa- 
tion was available to the authors of a recent publication of the National 
Council on Radiation Protection and Measurements (NCRP Report 


No. 86, entitled “Biological Effects and Exposure Criteria for Radio- 
frequency Electromagnetic Fields”). | found the chapter in the text by 
Michaelson and Lin to be more readily understandable. In particular, 
| appreciate the conclusions drawn in the summary statements. 

| compliment the authors for their general policy of providing 
summary and concluding statements for each of the topics and 
chapters. This effort allows the concerned scientist to appreciate 
more clearly the implications of the numerous published research 
articles. In addition, where the authors fail to provide conclusions, it 
is clear that many uncertainities exist. 

in the medical community, we are confronted with bioeffects and 
health problems associated with RF radiation in hyperthermia treat- 
ments, diathermy treatments, or RF coil irradiations. These technol- 
ogies are specific and have peculiarities that lend themselves to 
individual inspection and research. For example, the calculation and 
measurement of SAR is expressed in slightly different (but equivalent) 
ways in these areas. The value of this text to scientists in medical 
fields specifically dealing with the aforementioned sources of RF 
radiation could perhaps be increased by a greater and more robust 
discussion of SAR. However, the obvious goal of the text is to look 
at the public-heaith aspects of RF radiation, and in that regard the 
authors clearly have succeeded. 

In summary, | find the text to be an exhaustive provider of infor- 
mation. The $80 price tag is a bargain, and the authors are to be 
commended for this quality effort. 


William Pavlicek 
The Cleveland Clinic Foundation 
Cleveland, OH 44106 
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MR Sequence Parameter 
Optimization: An Algorithmic 
Approach 





The MR pulsing sequence is often described by terms such as spatial resolution, 
signal-to-noise, coverage, acquisition time, and contrast. These might be considered 
“secondary” parameters because they are not set directly but are instead specified 
indirectly by setting the “primary” parameters: field of view; projections (phase-encoded 
or readout); slice thickness and gap; number of excitations; and the sequence parameter 
times—repetition, echo delay, and inversion. Together, the primary and secondary 
parameters specify the MR pulsing sequence. Many of these parameters are interrelated 
such that setting one parameter indirectly affects another. Parameter specification is 
thus an iterative procedure that involves compromises to achieve an optimum relative 
to some predefined criteria. 

in this article, we examine the interrelationships between the primary and secondary 
parameters that specify the spin-echo pulsing sequence and suggest an algorithmic 
approach for selecting the best sequence parameters. 


Specifying the numerous parameters that constitute the MR imaging sequence 
is an exercise in assigning multiple interrelated variables in a milieu of shifting 
clinical priorities and imager capabilities. A single parameter, for example, repetition 
time (TR), may have several effects on the pulsing sequence unrelated to its primary 
function of providing image contrast. TR affects the acquisition time and determines 
the maximum number of slices that can be obtained in a given acquisition. Often, 
as one parameter is improved, another is worsened; for example, improving the 
spatial resolution by increasing the number of phase-encoded projections increases 
the acquisition time and decreases the signal-to-noise ratio (S/N) per pixel [1]. 
Furthermore, the net effect of such actions on the ability to detect disease is a 
continuously changing function of machine capability, that is, certain ‘evels of 
improved spatial resolution can only be tolerated when S/N is above a certain 
threshold level [1]. In addition, it may be quite difficult to determine when a given 
system has sufficient S/N to tolerate high spatial resolution without missing clinically 
significant disease. The purposes of this article are to identify the programmable 
variables that constitute the MR imaging sequence, to consider interactions be- 
tween these variables, and to evolve an algorithmic approach for specifying these 
parameters. 

The parameters that constitute the MR pulsing sequence are listed in Table 1. 
Primary parameters are those that are specified directly; secondary parameters are 
those determined indirectly by the primary parameters. While all imaging systems 
permit the user to specify the primary parameters, not all manufacturers allow the 
user the flexibility to specify all variables continuously over the complete range of 
values that may be considered necessary in clinical practice [2]. 

Setting the variables that constitute the MR imaging sequence is a hierarchic 
process, that is, primary variables should be specified in a particular order as the 
consequences on other (secondary) parameters are considered. Certain primary 
variables can be selected first since they have little effect on other parameters. For 
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TABLE 1: Parameters That Characterize an MR Image 





Parameter 


Primary: 
Imaging plane 
Field of view 
Repetition time 
Echo-delay time 
Inversion time 
Phase-coded projections 
Slice thickness/gap 
No. of excitations 
Secondary: 
Contrast 
Spatial resolution 
Coverage 
Signal to noise 
Acquisition time 
a SS a ee e a a y 


example, the imaging plane can be selected without signifi- 
cantly affecting other software parameters. Other choices 
depend on specific clinical priorities. As an example, there is 
a tradeoff between image quality and acquisition time: The 
greater the acquisition time (to the point where patient motion 
becomes excessive), the better the image quality. The total 
time that can be allotted is a clinical decision that depends on 
both the ability of the particular patient to remain motionless 
and the desired level of patient throughput. While image 
quality may improve as the acquisition time increases, this 
may or may not be correlated with improvement in the ability 
to detect disease or, more importantly, to affect the clinical 
management of the patient [3]. Increasing the acquisition time 
decreases throughput and ultimately increases the cost of 
the examination. Improvements in S/N on a given imager may 
modify the tradeoff between acquisition time and image qual- 
ity at a particular stage in instrument development. Thus, 
these choices are not static and must be considered in the 
context of the individual patient and changing capabilities of 
an instrument that is continually being upgraded. 

If an MR imager is to produce the best possible image 
quality, then the thinnest possible, most contiguous, least 
overlapping slices must be acquired with the greatest possible 
Spatial resolution in multiple planes with several degrees of 
T1- and T2-weighting. The study is then limited only by the 
tolerance of the patient to remain motionless and by the ability 
of the financial sponsor to tolerate low throughput. Clearly 
this intensity of evaluation is not indicated for all patients 
referred for MR imaging, particularly those with a low likeli- 
hood of disease. 


Field of View 


The field of view (FOV) should be chosen on the basis of 
the size of the object to be imaged. When the object is larger 
than the FOV, aliasing or “wrap-around” artifacts may occur 
(Fig. 1). For superficial structures, aliasing may be minimized 
by using a small surface coil that is insensitive to portions of 
the object beyond the region of interest (Fig. 1). In general, 
the better the region of interest “fills” the coil, the better the 
S/N will be [4]. Larger surface coils and double-saddle “vol- 
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Fig. 1.—Aliasing artifact. 

A, Image acquired in body coil with field of view smaller than abdomen 
causes “aliasing” because subcutaneous fat in arms (arrowheads) and 
anterior abdominal wall (arrow) overlaps spine. 

B, Surface coil insensitive to more anterior structure has been used with 
same field of view. Image quality is markedly improved because of lack of 
overlap from more anterior structures as well as from lack of motion 
artifacts projecting from front to back in phase-encoded direction. 


ume” coils have a larger region of sensitivity making them 
more prone to aliasing. In addition, the S/N for a voxel of 
constant size may be less for a larger coil relative to that 
achievable with smaller local coils. As the surface-coil diam- 
eter increases, the S/N advantage may be lost relative to 
double-saddle coils, particularly if the double-saddle coil is 
capable of quadrature detection. (Quadrature detection re- 
sults when two double-saddle coils are positioned along the 
same axis but rotated 90° with respect to each other. The 
signals received in each coil are adjusted for the 90° phase 
difference and then added together, which increases the S/N 
by V2.) If the surface coil is used only to receive (and trans- 
mission is accomplished with a larger “body” coil), the choice 
of plane may be affected, as the face of the flat surface coil 
must be perpendicular to the B1 field of the transmitting body 
coil (unless decoupling circuitry has been implemented). After 
the imaging plane and FOV have been specified, the other 
primary parameters can be selected. 


Image Contrast 


Image contrast at a given field strength is determined by 
the TR and echo delay time (TE) if spin-echo acquisition is 
performed, and by these parameters plus the inversion time 
(Tl) if inversion recovery is used [5]. Different clinical applica- 
tions have different contrast requirements. 


T1 Contrast 


T1 contrast is inversely related to the ratio TR/T1 or, to be 
more exact, to the quantity 1 — e '*/"'. Since T1 increases 
with increasing field strength, TR must increase a proportion- 
ate amount if TR/T1 is to remain constant. The T1 of brain 
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increases as the cube root of the field strength while the T1 
of skeletal muscle increases as the square root of the field 
strength [6]. When we compare images at 0.35 and 1.5 T, 
for example, the T1 of brain increases by 62%, that is, (1.5/ 
0.35) = 1.62, The T1 of skeletal muscle, on the other hand, 
increases.by 107%, that is. (1.5/0.35)* = 2.07. Thus, to have 
comparabie levels of T1-weighting, the TR of a brain study 
must be increased by 62% when going from 0.35 to 1.5 T 
and the TR of muscle musi be doubled. Leaving the TR fixed 
at a constant walue when going to a higher field increases the 
T1-weighting because of decreased longitudinal recovery [7]. 
While the increase in T+-weighting may be desirable for 
images intended to be T1-weighted, the effect is not desirable 
for images intended to be proton-density-weighted or T2- 
weighted. Since most disease processes increase both 11 
and T2, a lesion will have negative contrast (that is, appear 
relatively darkj on T1-weighted images and have positive 
contrast (that is, appear relatively bright) on T2-weighted 
images. Thus. increasing the amount of T1-weighting on a 
T2-weighted image, for example, in the brain, will tend to 
diminish lesion conspicuity. Where T1-weighted images are 
generally preferred, for example, in imaging of the body, the 
increased T1-weighting at high field will actually increase 
contrast and enhance lesien conspicuity. 

The slice profile (the plat of the flip angle across the width 
of the slice) can affect Tt contrast as well [8, 9]. The slice 
profile results from the strength of the gradient and the 
particular blend of frequercies and amplitudes in the exciting 
RF pulses. RF pulses that excite the leading and lagging 
edges of adjacent slices (producing “crosstalk") decrease the 
time available for longitudinal recovery in the overlap region. 
Gaussian pulses tend to have more overlap than sinc, that is, 
(sin x)/x, pulses. This overlap has an adverse effect on S/N 
(because of decreased longitudinal recovery). By decreasing 
longitudinal recovery, crosstalk may actually improve contrast 
on T1-weighted images; hewever, it is detrimental to contrast 
on T2-weighted images. 

Rather than specifying all combinations of TR and TE at 
every field strength, MR contrast is often described in terms 
of different amounts of T1- or T2-weighting. It should be 
remembered ‘hat these descriptions are rarely “pure.” In 
addition, images acquired with the same TRs and TEs often 
have different degrees of T1 or T2 influence on different 
imaging systems, particularly if they do not operate at the 
same field strength. 

T1-weighted images are images in which contrast is pri- 
marily determined by differences in the T1 relaxation times. 
They are obtained by keeping the TE as short as possible to 
minimize the complicating ‘and often competing) effects of T2 
decay. The shortest possible TE (TEmin) currently available on 
many MR imaging systems is not very short, that is, usually 
in the 20- to 40-msec range [10]. For tissues with T2 values 
of 50 msec (e:g., cerebral white matter), a TEmn of 40 msec 
represents up to 55% of T2 decay (i.e., e T5? = en = 
e` = 0.45), Thus, there is significant T2-weighting on what 
should be a 71-weightec image. Unless the TE mi, can be 
made significantly shorter than the T2 of the tissue of interest, 
the spin-echo technique is relatively insensitive to T1 differ- 
ences [11]. 
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There are several reasons that the minimum TE is as long 
as it is. During the interval TE, time is required for a 90° RF 
pulse, a free induction decay (FID), a 180° RF pulse (each of 
these three lasts approximately 5 msec), and half the time 
required to sample the spin-echo signal (Fig. 2). One method 
to shorten the TE is to produce an echo by reversing the 
gradients (gradient echo) rather than by using the more tra- 
ditional 180° RF pulse. This is the basis for many fast scan- 
ning techniques [12]. Another methcd to shorten the TE 
would be to decrease the time the echo is acquired (echo 
sampling time) (Fig. 2). This will have a beneficial effect on 
T1-weighting (because of the shorter TE) and on at least one 
aspect of S/N (shorter TEs will allow less time for T2 decay 
and, therefore, magnetization will be increased). Unfortu- 
nately, decreasing the echo sampling tme also increases the 
bandwidth. Since a wider bandwidth increases the noise, the 
S/N is decreased [9]. The net effect on S/N depends on the 
T2 of the tissue and on the incremertal increase in overall 
bandwidth that results from the shorter echo sampling time. 
In general, the bandwidth is determined by the echo sampling 
time and the strength of the readout and maximal phase- 
encoded gradients (Fig. 3). Since noise is proportional to the 
square root of the bandwidth, lower bandwidths are preferred. 







Echo Sampling 
+——— Time | 


i Spin Echo 


Magnetization 
od 


Fig. 2.—Echo sampling time. TE is determined by time required for 90° 
and 180° pulses, by free induction decay (FID), and by half echo sampling 
time. Echo sampling time is the product of the dwell time (sampling interval) 
and number of readout or frequency-encoded projections (usually 128 or 
256). RF = radiofrequency. 
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Fig. 3.—Effect of gradient strength on bandwidth. Two gradients are 
plotted as function of position across 20-cm fisid of view. Both gradients 
are zero in midline and have the most positive (or negative) values at the 
periphery of the field of view. Assuming phase-sensitive detection, band- 
width is calculated from the product of the maximum (absolute value) of 
the gradient and gyromagnetic ratio (42 MHz/T for hydrogen). 
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Thus, weakening the gradients and prolonging the echo sam- 
pling times result in lower bandwidths and better S/N. 

The utility of one T1-weighted technique with a short TE 
(TR = 250 msec, TE = 15 msec) was demonstrated recently 
in imaging the upper abdomen [13]. In this clinical setting, the 
larger number of excitations required for good S/N (eight) is 
additionally beneficial in that it tends to average out motion 
artifacts due to breathing (Fig. 4). 


T2 Contrast 


T2 contrast is related to the ratio TE/T2 or, more specifi- 
cally, to the quantity e~"*/"*. T2 (unlike T1) does not change 
significantly with increasing field. “Degrees” of T2-weighting 
may be defined by the relative intensity of brain and CSF (i.e., 
on heavily T2-weighted images, CSF is more intense than 
brain; on moderately T2-weighted images, CSF is isointense 
with brain; and on mildly T2-weighted or balanced images, 
CSF is less intense than brain—but edematous lesions still 
have high signal intensity) [5]. 

Comparable levels of T2-weighting can be achieved by 
prolonging either TR or TE. T2-weighted images obtained by 
using a long TR, however, have proportionately less T1- 
weighting and, therefore, greater proton-density weighting. 
This has particular relevance in brain imaging, since the T1 
and proton-density differences that affect contrast between 
gray and white matter also affect contrast between edema- 
tous lesions and brain. Thus, while two sequences may have 
comparable T2-weighting in terms of brain/CSF contrast, the 
sequence with the longer TR will have better gray/white 
differentiation because of the greater mobile proton density 
of gray matter relative to white matter [5]. Similarly, edema- 
tous lesions have greater proton density than white matter 
does. Thus, long-TR, T2-weighted images benefit not only 
from differences in T2 but also from differences in proton 
density. While high-field images may have an S/N advantage 
as TE is increased to produce heavily T2-weighted images, 
they have a relative disadvantage because of the increasing 
T1-weighting at constant TR and resultant loss of proton- 
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density-weighting on otherwise similarly T2-weighted im- 
ages. 

Proton-density—weighted images may be considered to be 
at the transition between the T1- and T2-weighted images in 
this sense: If T1-weighting is produced by variation only in 
TR in combination with the shortest possible TE and if T2- 
weighting is produced by variation in TE by using the longest 
possible value of TR, then the proton-density image is inter- 
mediate, having the longest possible TR and the shortest 
possible TE. 

The ability to acquire multiple spin echoes (at different TEs) 
during a single sequence provides T2 information. Symmetric 
echoes, those in which the TE of the second echo is twice 
that of the first, may have the additional benefit of sensitivity 
to slowly flowing blood because of even-echo rephasing 
[14]. Asymmetric echoes (e.g., TE = 20 and 80 msec) do not 
demonstrate even-echo rephasing, but they do allow the user 
to acquire both mildly and heavily T2-weighted images in a 
single sequence. 


Spatial Resolution 


In-plane spatial resolution is determined by the FOV along 
a particular axis divided by the number of pixels in the same 
direction. Spatial resolution can be improved either by de- 
creasing the FOV (for a constant number of pixels in the 
matrix) or by increasing the number of pixels for a constant 
FOV. In two-dimensional Fourier transform (2DFT) tech- 
niques, the two axes in the MR image are often referred to 
as “phase-encoded” and “frequency-encoded” (or “readout”) 
[7]. For a given FOV, spatial resolution along the phase- 
encoded axis is determined by the number of phase-encoded 
projections (N) [15]. Each projection is a separate spin-echo 
acquisition obtained with a different value of the phase- 
encoding gradient. Each projection requires a TR interval to 
complete; thus, the larger N is, the longer the acquisition time 
will be [1]. There is a time penalty for improved spatial 
resolution along the phase-encoded axis. Spatial resolution 
along the frequency-encoded (readout) axis is determined by 


Fig. 4.—Effect of contrast on lesion detec- 
tion. Cavernous hemangioma of liver imaged 
by both T1- and T2-weighted techniques. 

A, T1-weighted image (TR = 250 msec, TE 
= 15 msec) shows excellent contrast between 
low-intensity cavernous hemangioma (arrow) 
and liver with minimal motion artifacts because 
of eight excitations. 

B, T2-weighted image (TR = 2000 msec, TE 
= 120 msec) requiring 8.5 min for acquisition 
shows Cavernous hemangioma with character- 
istic high signal intensity (arrow). Image is 
degraded by respiratory motion artifacts 
caused by smaller number of excitations (two). 
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the strength of the readout gradient and by the number of 
“frequency bins” into which the spin-echo signal is divided 
[15]. (This is comparable to the number of points used to 
digitize the spin-echo signal in Figure 2.) To a first approxi- 
mation, there is generally no time penalty for improving spatial 
resolution.along the readout (frequency-encoded) axis. How- 
ever, as shown below, improving spatial resolution along 
either the frequency- or phase-encoded axes carries an as- 
sociated S/N penalty due to the smaller voxel volume. 

Some systems enable the user to exchange the axes used 
for phase-enceding and readout. This exchange might be 
desirable either if the image aspect ratio is not 1:1 (i.e., if the 
image is rectamgular rather than square) or if there is motion 
artifact. Longitudinal images of the spine typically have a 
wider FOY along the axis of the spine than front-to-back (in 
sagittal images, e.g., Fig. 1) or side-to-side (in coronal images). 
lf the pixels are to remain square, that is, equal spatial 
resolution-along the two axes in the image, then more pixels 
can be accommodated aiong the longitudinal axis. If the 
number of pixels along the frequency-encoded axis is in- 
creased, there is no time penalty. Thus, a 128 x 256 acqui- 
sition matrix could be usec to double the coverage along the 
longitudinal, readout axis without taking more time than a 128 
x 128 acquisition, since acquisition time is only determined 
by the number of phase-encoded (and not frequency-en- 
coded) prejections. 

Motion along any axis results in artifacts in the phase- 
encoded direction [16]. Thus, sagittal images of the thoracic 
spine may be degraded by cardiac or diaphragmatic motion 
anteriorly, projecting back on the spinal cord. If this artifact 
seriously degrades the image, one option that may be avail- 
able to the user is to switch the frequency- and phase- 
encoded axes. This results in cardiac and respiratory motion 
artifacts being spread up and down along the anterior torso 
rather than frant-to-back ever the spine. Unfortunately, this 
also decreases the longitudinal coverage for a given spatial 
resolution and number of phase-encoded projections. 

In-plane spatial resolution generally can be varied inde- 
pendent of slice thickness. Although spatial resolution will 
certainly continue to improve as larger (e.g., 512 x 512) 


Fig. 5.—Effect of slice thickness in detect- 
ing multiplessclerosis. 

A, 10-mm-thick section is apparently nor- 
mal. 

B, 5-mm-thick section shows several white- 
matter abnormalities consistent with multiple 
sclerosis. Conspicuity of small, low-contrast 
lesions is markedly improved on thinner slice 
because of decreased partial-volume averag- 
ing of normal brain. 


OPTIMAL MR PARAMETERS 819 


matrices are used, the effect on overall image quality and 
lesion detectability is less certain [1]. As shown below, S/N 
(and therefore contrast-to-noise ratio) decreases as spatial 
resolution improves. Depending on the absolute S/N of the 
imager, this may decrease the resolving power, that is, the 
imager-determined ability to discriminate an object from its 
background [1]. Thicker slices have higher S/N but are more 
prone to partial-volume artifacts that decrease the contrast- 
to-noise ratio and detectability of small lesions (Fig. 5) [17]. 


Coverage 


The coverage is the distance from the first to the last slice 
in a multislice imaging volume. Coverage is the product of the 
number of slices and the sum of the slice thickness plus the 
interslice gap (if any). The maximum number of slices that 
can be obtained in a single acquisition depends on the TR, 
the TE of the last echo acquired (TEmax), and the echo 
sampling time [18]. In a 2DFT multislice acquisition, one or 
more echoes are acquired at one slice level and then (while 
the protons in that slice are relaxing during interval TR — 
TEmax), the next slice is excited. Actually, the amount of time 
spent at a particular slice level is determined by TEmax, by half 
of the echo sampling time, and by the dead time required to 
allow the system to recover from gradient activation. After 
this period, excitation of the next slice can begin. The maxi- 
mum number of slices that can be obtained in the sequence 
is determined by dividing this time interval into the TR [18]. 
As the interval required at a particular slice level is prolonged 
(by prolonging TEmax, by increasing the number of echoes, or 
by using longer echo sampling times), the maximum number 
of slices is decreased, decreasing the coverage. 

In a particular clinical setting, the coverage may be critical. 
A screening sequence that covers three-fourths of the brain 
is of limited utility; either the whole brain should be covered 
in a single sequence or one-half should be covered in each of 
two sequences. The coverage can be adjusted by varying the 
TR, slice thickness, interslice gap, or TEmax. Often a range of 
TR and TE values is acceptable when considering only con- 
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trast. If a longer TR value allows the necessary anatomic area 
to be covered, then this value may be preferred over a shorter 
TR value, which would require obtaining additional se- 
quences, prolonging the examination time. Increasing cover- 
age by thickening the slice or by increasing the size of the 
gap carries obvious penalties in terms of lesion detectability. 
Ideally, thin, nearly contiguous, minimally overlapping slices 
should be used for the best detection of small lesions [17]. 

If the RF pulses are found to have significant overlap, or 
crosstalk, between slices, then acquisition of two interleaved 
acquisitions may be necessary. In such sequences, the gap 
is equal to the slice thickness in two spatially offset acquisi- 
tions, which are then software-interleaved for display. The 
major disadvantage of such interleaved sequences is the time 
penalty incurred, that is, they require twice as much time as 
a single sequence. 


Signal to Noise 


The S/N from a pixel is proportional to the product of the 
voxel volume (V) and the square root of the number of 
excitations (n) and the number of phase-encoded projections 
(N) [1]: S/N « VMN. Voxel volume (V) is the product of the 
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square of the in-plane pixel dimension and the slice thickness, 
if we assume symmetric matrices. Spatial resolution is deter- 
mined by the FOV divided by the number of pixels along a 
particular axis in the image. For purposes of further discus- 
sion, the matrix will be considered to be square with equal 
numbers of square pixels along both axes. 

Thinner slices and higher spatial resolution carry an S/N 
penalty. When higher spatial resolution is achieved by increas- 
ing N (rather than decreasing FOV), there is also a time penalty 
since the acquisition time (t) is the product of TR, N, and n: 
t = TRXNxn. S/N improves as the square root of the number 
of excitations. This is because as the two (or more) spin 
echoes of identical acquisitions are “averaged” ype the 
noise adds randomly and increases only as vn while the 
sana adds linearly with n; the net result is thus an n/Vn = 

n increase in S/N. Similarly, if the number of phase-encoded 
projections increases, the noise in the multiple spin echoes 
added together sums randomly (as VN) while the signal adds 
linearly for a similar net result increase in S/N of N/VN = 
VN (ignoring the separate effect of a smaller voxel volume on 
S/N). 

As an example, consider the net effect on S/N per pixel 
when the spatial resolution is improved by increasing from a 


Fig. 6.—Image quality in 1983 before use of 
reduced-bandwidth technology or quadrature- 
detection head coil in patient with multiple 
sclerosis. 

A, 128 x 128 acquisition matrix (1.7-mm 
spatial resolution), TR = 2.0 sec, TE = 28 msec, 
four excitations, 7-mm slice thickness (17- 
min acquisition time). Several demyelinated 
plaques are evident (arrowheads). 

B, Second-echo image (TE = 56 msec) of A 
in which multiple sclerosis plaques are more 
obvious because of additional T2-weighting. 

C, 256 x 256 matrix (0.85-mm spatial reso- 
lution), four excitations, 7-mm slice thickness 
(34-min acquisition). Conspicuity of multiple 
sclerosis plaques is diminished relative to A 
because of decreased signal to noise (despite 
better spatial resolution requiring longer im- 
aging time). 

D, 256 x 256 matrix (0.85-mm spatial reso- 
lution), two excitations, 7-mm slice thickness 
(17-min acquisition). Adjusted for comparable 
acquisition time, quality of “high-resolution” 
image is significantly worse than that of A 
because of 75% decrease in signal-to-noise 
ratio per pixel. (Reprinted with permission from 
Bradley et al. [1].) 
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128x128 to a 256x256 matrix at constant bandwidth, FOV, 
TR, TE, stice thickness, and number of excitations: 


(S/N) _ Vs yi y. 

(S/N) Ve n2 No 
If the subscript 1 refers to the high-resolution 256 x 256 
image and the subscript 2 to the 128x128 matrix, then 


(S/N) wavs 
(S/N)2 

that is, the S/N per pixel of the high-resolution image is 35% 
of the low-resolution image [1]. (Also, the acquisition time is 
twice as long since N, = 2N2 and the TR and number of 
excitations are the same.) If the acquisition time is to be held 


constant, then the number of excitations must be halved in 
the high-resolution images. In this case, the S/N ratio per 


pixel is 
GM 14/1 


that is, for equal mee times, is S/N of the high- 
resolution image is one-fourth that of the low-resolution image 


[1]. 








= = 0.35 





= = 0.25 


Fig. 7.—image quality in early 1986 after 
implementation ef reduced-bandwidth tech- 
nology. 

A, 128 x 128 (1.7-mm spatial resolution, 5 
mm thick), four excitations, TR = 2.0 sec, TE 
= 40 msec (17-min acquisition) through lateral 
ventricles. Multiple sclerosis plaques (arrow- 
heads). 

B, 256 x 256 acquisition (0.95-mm spatial 
resolution), two excitations, 5-mm slice thick- 
ness (17-min acquisition). Mulfiple sclerosis 
plaques less conspicuous than in A. 

C, 128 x 128 (1.7-mm spatial resolution), 
four excitations, TR = 2.0 sec, TE = 80 msec 
(17-min acquisition). Multiple sclerosis plaques 
better shown than in A becausesof greater T2- 
weighting. 

D, 256 x 256 acquisition (0.95-mm spatial 
resolution), two excitations, 5-mm slice thick- 
ness (17-min acquisition). Mulfiple sclerosis 
plaques less conspicuous than in C because 
of decreased signal-to-noise ratio. 
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While S/N per pixel determines the edge discrimination 
necessary to detect small lesions, S/N per unit area is a more 
appropriate quantity to use for the comparison of large lesions 
[19]. The eye tends to integrate the pixels in a given area, 
“averaging” the signals in a manner similar to the effect of 
multiple excitations of the spin-echo sequence. The ratio of 
pixels per unit area is N,*/N2*, and S/N per unit area increases 
as the square root of this quantity, VN,?/N2* = N,/Noe. In this 
example, this will double the relative S/N of the high-resolution 
images. In practice, the comparison of S/N in two images is 
between that predicted for S/N per pixel and that predicted 
for S/N per unit area, depending if one is trying to detect 
small or large lesions, respectively. Spatial resolution along 
the frequency-encoded (readout) axis can be improved in two 
ways: either by doubling the strength of the readout gradient 
and sampling twice as fast (bandwidth constant) or by leaving 
the gradient unchanged and by sampling twice as long (band- 
width reduced). The above analysis uses the former tech- 
nique, which leaves bandwidth (and thus S/N) unchanged 
[15]. 

Perception, like many other biological processes, is a log- 
arithmic process, that is, the eye does not respond linearly to 
stimuli but rather is more sensitive at low levels and less 
sensitive at higher levels of S/N [19]. The perceived image 
quality is a logarithmic function of S/N. If there is a high 
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intrinsic S/N (because of high fields or reduced-bandwidth 
techniques), then reducing the S/N to 25-35% of its previous 
value may be tolerated without a significant perceptual loss 
in image quality. However, at a lower S/N, such losses not 
only create a grainy appearance in a normal image but a 
decrease in contrast-to-noise ratio on abnormal images, such 
that small lesions may be missed [1]. 

To illustrate the effect of varying spatial resolution on image 
quality as a function of changing baseline S/N, consider 
Figures 6-8. These illustrations from patients with multiple 
sclerosis compare the quality of 128x128 and 256x256 
images obtained with our Diasonics unit from 1983 to 1986 
as system upgrades improved S/N. They are considered 
typical of such improvements on medium-field units over this 
period of time. Multiple sclerosis was chosen as the typical 
low-contrast lesion, and detectability was compared after 
each major upgrade. As is obvious, it was not until both 
reduced-bandwidth technology and quadrature detection 
were implemented that a 256x256, 5-mm-thick, two-excita- 
tion image was considered diagnostically superior to the 
128X128, 5-mm, four-excitation image. 


Algorithmic Approach to MR Image Optimization 


The following algorithmic approach to setting up the MR 
pulsing sequence is suggested on the basis of the above 
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considerations. The algorithm is iterative, that is, parameters 
are adjusted during several cycles to achieve the best com- 
bination of these parameters for a particular clinical use. 

1. Set the plane and FOV (which may also involve speci- 
fying the direction of readout and phase-encoding for rectan- 
gular images or images in which motion artifacts may be a 
problem). 

2. Set the values of TR and TE on the basis of anticipated 
contrast between the suspected disease and background. 
Set the slice thickness and gap (if any) on the basis of clinical 
applications, that is, anticipated lesion size and contrast, as 
well as on the basis of the capabilities of the imager. Speci- 
fying particular values of TR, TE, slice thickness, and gap will 
determine coverage. If coverage is adequate, go to step 3. If 
it is not, adjust the primary parameters or, if coverage and 
contrast cannot be accommodated in a single acquisition, 
consider using more than one sequence. 

3. Set the number of phase-encoded projections (N) and 
the number of excitations (n). The FOV divided by N deter- 
mines the spatial resolution along the phase-encoded axis. 
Spatial resolution and slice thickness determine voxel volume 
(V). When V, N, and n have been specified, S/N can be 
measured (or visibly compared). The acquisition time can be 
determined from the specified values of TR, N, n, and the 
number of separate sequences required to cover the area of 


Fig. 8.—\image quality in late 1986 after im- 
plementation of both reduced-bandwidth tech- 
nology and quadrature detection in head coil. 
This resulted in additional 40% improvement 
in signal-to-noise ratio over images in Fig. 7. 

A, 128 x 128 (1.7-mm spatial resolution, 5 
mm thick), four excitations, TR = 2.0 sec, TE 
= 80 msec (17-min acquisition) through lateral 
ventricles. Multiple sclerosis plaques (arrow). 

B, 256 x 256 acquisition (0.95-mm spatial 
resolution, 5 mm thick), two excitations (17- 
min acquisition) through lateral ventricles. Mul- 
tiple sclerosis plaques better seen now be- 
cause of improved edge detection and ade- 
quate signal to noise. 

C, 128 x 128 (1.7-mm spatial resolution), 
four excitations, TR = 2.0 sec, TE = 40 msec 
(17-min acquisition) through midbrain, where 
no lesion is definitely seen. 

D, 256 x 256 acquisition (0.95-mm spatial 
resolution), two excitations, 5-mm slice thick- 
ness (17-min acquisition) through midbrain. 
Multiple sclerosis plaques identified (arrows) 
because of decreased partial-volume effects 
with adequate signal-to-noise ratio. 


pr 
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concern. If tke S/N and acquisition time are acceptable, then 
the pulsing sequence is felly specified. If they are not, then 
adjust N anc n. 

AS an example of the manner in which this algorithm might 
be implemerted, consider the following: For a “screening” 
study (i:e. lew probability of disease), a 128 x 128, single- 
excitation, 1.0-cm-thick, T2-weighted (e.g., TR = 2.0 sec, TE 
= 30 and 6C msec) sequence might be used that takes 4.25 
min. If 5-mm centiguous axial slices are considered necessary 
for the detection of small. low-contrast lesions (such as in 
multiple sclercsis), a similar T2-weighted double-echo tech- 
nique (TR = 2.0 sec, TE = 40 and 80 msec) might not permit 
the entire brain to be covered in a single acquisition. While 
the high-reselution (0.95 mm: 256 x 256 matrix in a 24.3-cm 
FOV) version of this accuisition takes 17 min (with two 
excitations), the 16 slices (6 mm each) obtained without a 
gap cover only 8 cm. Since the craniocaudal extent of the 
brain is approximately 12 cm, two such acquisitions would be 
required, which would take 34 min. Alternatively, a 3.0-sec 
TR sequence can be used that will generate 24 axial slices 
that are 5-mm thick and that will cover the brain. The time for 
this 256 x £55 acquisition is 25.5 min. Thus, by modifying 
the TR from 2 to 3 sec (with a concomitant increase in T2- 
weighting) tre total acquisition time for the study is decreased 
25% from 34 to 25.5 min. Alternatively, adding an interslice 
gap betweer slices will increase coverage. 
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Book 
Review 





ae 1987. Edited by Alexander R. Margulis and Charles M. Gooding. St. Louis: Mosby, 564 
pp., 1987. $85 


if | were preparing to sit for recertification boards tomorrow morn- 
ing, | would sleep tonight with Diagnostic Radiology 1987 and pray 
for osmosis. It is that good. 

The editors have commissioned a top-flight team of 58 experts 
(80% from the University of California, San Francisco) to prepare a 
“synopsis of the state of the art in the field of radiology.” Organized 
by systems and techniques (e.g., gastrointestinal, pediatrics, inter- 
ventional, sonographic), the papers abound in imaging techniques 
and reach into all the far corners. 

The chapters range from the mundane (“How to Conduct an Audit 
of Your Mammography Practice”) to the esoteric (“Advances in Ra- 
diofrequency Coil Technology”) to the sophisticated (“New Radio- 
pharmaceuticals”). One exampie is “Planar Projections Pre-pro- 
cessed with an 11-mm FWHM Bayesian Deblurring Algorithm and 
Reconstructed with a 1.0 Nyquist Frequency Ramp Filter.”) Some of 
us will find echographic comforts (“Everything You Need to Know 
About Women”) and technical guidance (“Diagnosis and Treatment 
of Dural Arteriovenous Fistulae”). The reader can discover a fresh 
approach to the solitary pulmonary nodule, appreciate an in-depth 
review of polyhydramnios and the postoperative abdomen, and learn 
anew the tumors of the hepatobiliary system. The discussion on 
interventional techniques is more than enough to please the aficio- 
nados. Arthrographers beware: Imaging techniques threaten to re- 
place the needie (MR imaging of the knee, articular disorders, and 
temporomandibular joint). The discussion charts on disorders of the 
adrenal glands (imaging techniques, with histologic and clinical diag- 


nosis) are outstanding. A valuable review of coronary arteriography 
is presented (not to match the exhaustive mini-atlas presented by 
Kubicka and Smith in RadioGraphics, July 1986). Many useful hints 
and statistics are to found in Berdon's discussion of polycystic kidney 
disease (see also Frank A. Carone’s contribution in “Letters to the 
Editor,” New York Times, June 6, 1987). The book includes “how to” 
papers on carotid duplex scanning, breast lesion localization, and 
guided biopsy, among others. Consistent with the increasing aware- 
ness of AIDS, the papers on the use of gallium radionuclide scanning 
and CT of the abdomen offer excellent reviews. The discussions on 
Doppler and duplex scanning procedures for carotid artery stenosis 
are most timely. 

MR and CT dominate the papers on imaging. Positron emission 
tomography and single-photon emission CT will have to wait their 
turns. If there is criticism to be made about some of the articles, it is 
for their brevity. A reviewer can quarrel with the selection of topics, 
for example, How does one justify allocating eight papers to hepa- 
tobiliary and skeletal radiology and only three for uroradiology? There 
is an elongated discussion on osteoporosis and a contracted look at 
newer cardiac imaging techniques. Cost and space constraints to the 
contrary, the physical amenities (e.g., print, paper, binding) are ele- 
gant. The illustrations are of superior quality, and the expanded 
bibliographies are a major plus. 

Murray A. Rosenberg 
Park City Hospital 
Bridgeport, CT 06604 
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Hybrid Color MR Imaging 
Display 





A novel computer-image processing method is described that combines anc displays 
the data from two different MR sequences of the same anatomic slice in a single color 
image. The pixel intensities from one image are assigned varying spectral hues while 
the luminance of these hues is derived from the intensities of corresponding pixels of a 
second spatially aligned image. This technique provides a two-dimensional resolvable 
contrast scale that may produce images of improved information content. The versatility 
of the method. termed hybrid color display, is demonstrated by using T1-weichted, T2- 
weighted, chemical-shift, and gradient-recalled-acquisition-into-steady-state (GRASS) 
images. This technique may facilitate MR interpretation by enhancing anatomic and 
pathologic conspicuity and by expediting review. 


Multiple MR images are obtained routinely for each anatomic cross section to 
enhance the sensitivity and specificity of the examination [1]. Currently, for best 
evaluation the diagnostician must review and mentally integrate these unidimen- 
sional contrast images, which may vary in proton density, T1, T2, fat/water, or 
flow weighting. A two-dimensional contrast scale (hue and luminance) that allows 
direct visual integration and resoivability of different data pairs may facilitate the 
task. The hybrid color display described herein, which uses Cartesian coordinate 
mapping, may be more versatile and have greater applicability to MR images than 
does the polar coordinate color technique of O'Connell et al. [2], which emphasizes 
data comparison at the expense of individual data integrity. To our knowledge, 
although the composite technique of O'Connell et al. has been used in nuclear 
medicine, particularly in dual-tracer scintigraphy [3], it has not as yet been applied 
successfully to MR images. 


Materials and Methods 


A two-dimensional color matrix was constructed to map (display) the signal-intensity data 
from two different puise sequences of the same anatomic section into a single hybrid color 
image. The biconal surface colors of the Ostwald Color System [4] (Fig. 1) were mapped into 
a two-dimensional (2D) space as a function of hue and luminance [5, 6]. Saturation values 
were kept at a constant high level to maximize 2D color discrimination. To avoid confusion 
at the red blue interface (continuance), the color scale was made discontinuous to permit 
clear distinction of extreme red from extreme blue. 

For this study, a discrete 256 (hue) by 4 (luminance) matrix was created. Four hue- 
luminance look-up tables were generated covering the spectrum from blue to red. Each of 
the four tables varied only in the degree of luminance assigned to the respective hues (see 
Figs. 3E, 3F, and 3G, color matrices). The desired hybrid color display was achieved by 
assigning each pixel from the first image to a specific look-up table (luminance function), on 
the basis of the signal intensity of the spatiaily corresponding pixel in the second image with 
which it was to be combined (hybridized). The hue was then assigned on the basis of the 
value (gray level) of the pixel in the first image. For example, a pixel with low intensity on the 
first image and high intensity on the second image would appear blue (bottom of the hue 
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scale) and have high luminance because it was selected from the 
look-up table with highest luminance (see right sides of Figs. 3E, 3F, 
and 3G, color matrices). The limits for the compartmentalized lumi- 
nance levels (gray-level ranges for luminance look-up tables) are set 
manually in such a way as to optimize segmentation. 

The advantages of hybrid color display over conventional gray- 
scale imaging are presented schematically in Figure 2. For illustrative 
purposes, the gray scale has been simplified to black and white, the 
hue dimension to blue and red, and the luminance scale to dark and 
light. All the data inherent in the gray-scale pair (Figs. 2A and 2B) is 
readily extractable from the single hybrid color image (Fig. 2C). The 
2D contrast scale clearly enhances both data conspicuity and the 
efficiency of interpretation. 

Examples of hybrid color pairs are presented in the following 
section to elucidate the method and to demonstrate its broad appli- 
cability. All MR images were obtained in The Ohio State University 
(OSU) Magnetic Imaging Facility with a General Electric 1.5-T Signa 
Unit (Milwaukee). The data were transferred by magnetic tape to a 
Digital Equipment VAX 11/750 computer (Maynard, MA) and a Gould 


Fig. 1.—Color scheme. Color 
can be described by hue, lumi- 
nance, and saturation. Schemati- 
cally, surface intersection of four 
horizontal planes with this three- 
dimensional space (linear circum- 
ference) will result in two-dimen- 
sional hybrid color scale. 








A B 
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IP 8400 image processor (Fremont, CA). The image analysis was 
conducted in the Laboratory of Experimental Atherosclerosis at OSU. 


Results 


Although any two image pairs can be hybridized, the most 
informative hybrids were those that mated images with the 
most widely different gray-scale contrast. Conversely, pairing 
two similar data sets was least informative and offered little 
advantage over the conventional gray scale other than capi- 
talizing on our ability to differentiate more colors than shades 
of gray. 

Axial MR images of the brain of a normal volunteer are 
presented in Figure 3. A wide array of pulse sequences and 
hybrid combinations were generated. These included the first 
spin echo (SE) of one section from a multiple SE acquisition 
with a repetition time (TR) of 3000 msec and an echo time 
(TE) of 20 msec (Fig. 3A) and the summation of the later-echo 
images (TR = 3000 msec, TE = 40 + 60 + 80 msec) (Fig. 
3B), which yielded an increased signal-to-noise ratio. Both 
images demonstrated good contrast between gray and white 
matter as a consequence of the apparent proton-density 
difference, which overrode the diminished effect of T1 differ- 
ences at long TR intervals. Because of T2 effects, the first 
echo contrasted lipid better while the later echoes showed 
the CSF better. The hybridization of early-echo images (Fig. 
3A) with late-echo images (Fig. 3B) resulted in a single image 
that simultaneously accentuated both fat and CSF contrast 
(Fig. 3E). Additional features, such as the unique paramidline 
light blue tissue (Fig. 3E), were highlighted that were not 
appreciated clearly on the gray-scale images (Figs. 3A and 
3B). The blue color indicated low signal with T2-weighting 
(Fig. 3B), and the moderate luminance indicated relatively high 
signal on the first echo (Fig. 3A). Assuming uniform proton 
density and relaxation parameters of the visualized lipid, the 
observed hue-luminance value could be explained by voxels 
of fat partially volumed with cortical bone. This explanation 
was supported by the lipid (water-suppression) image [7] (TR 





C 


Fig. 2.—Schematic comparison of conventional gray-scale images with hybrid color composite. First, (A) and second (B) schematic 9-pixel gray-scale 


images. 


C, Schematic hybrid color image of A (hue) x B (luminance). All data in A and B can be deduced from single hybrid C. Conspicuity is increased as 
evidenced by dark red cross, which is readily discernible from hybrid but not from individual gray-scale images. 
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Fig. 3.—Single axial brain section from multislice, multipulse sequence series of normal volun- 
teer shows versatility of hybrid color display; 256 (hue) x 4 (luminance) hybrid color matrices are 
on left in E-G. 

A, SE image (TR = 3000 msec, TE = 20 msec), 256 x 256 matrix, one excitation. 

B, SE image (TR = 3000 msec, TE = 40 + 60 + 80 msec), 256 x 256 matrix, one excitation, 
second through fourth echoes summed. 

C, Water-suppression or lipid (“fat”) image (TR = 600 msec, TE = 20 msec), 256 x 256 matrix, 
four excitations. 

D, Gradient-recalled acquisition into steady-state image (TR = 21.5 msec, TE = 12.5 msec), flip 
angle 30°, 256 x 128 matrix, four excitations. 

E, B (hue) x A (luminance) hybrid color display. Arrows point to fat volume averaged with cortical 
bone resulting in bright blue appearance. 

F, C (hue) x B (luminance) hybrid color display. 

G, D (hue) x B (luminance) hybrid color display. 
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= 600 msec, TE = 20 msec) (Fig. 3C) and the combined lipid 
and late-echo hybrid image (Fig. 3F), which indicated the 
presence of fat with intensity less than that for subcutaneous 
lipid. The lipid-late-echo hybrid combined the good brain con- 
trast present in the long-TR, T2-weighted composite with the 
excellent fat sensitivity from the water-suppressed image. 
The voxels without fat appeared as they would on standard 
gray-scale images, albeit with a blue hue, whereas those 
containing fat had hues ranging from green to red. Moreover, 
the percentage of lipid filling a voxel was directly related to 
its hue, and thus the scale should have been at least semi- 
quantitative. 

The hybridization of a gradient-recalled-acquisition-into- 
steady-state (GRASS) image (Fig. 3D) with the T2-weighted 
composite (Fig. 3B) identified areas of flow perpendicular to 
the image plane (hue being related to orthogonal velocity) on 
an information-rich image of the brain (Fig. 3G) [8]. Flow, 
depicted as a shift toward the red end of the spectrum, was 
highlighted within arteries, veins, and the lateral ventricles. 
Presumably, the yellow vitreal foci reflected phase-encoded 
ocular motion artifacts. 

In addition to highlighting anatomy and physiology, hybrid 
color display may also enhance lesion conspicuity. Gray-scale 
MR images of the brain in a patient with multiple sclerosis are 
presented from somewhat T1-weighted (TR = 1500 msec, 
TE = 25 msec) (Fig. 4A) and T2-weighed (TR = 2500 msec, 
TE = 80 msec) (Fig. 4B) sequences. With gray-scale values 
alone, multiple sclerosis plaques were difficult to define clearly 
on either image by itself. On the T1-weighted image, there 
was little contrast between plaques and normal brain, and on 
the T2 image, there was little contrast between plaques and 
CSF. Standard pseudocoloring of the individual images (Figs. 
4A and 4B) did not appear to result in significantly enhanced 
contrast among the plaques, normal brain, or CSF. The hybrid 
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color image (Fig. 4C), however, provided contrast between 
plaques (peach), CSF (bright blue-green), and both gray and 
white matter. Although the hybrid display contained no more 
data than were provided by the two individual gray-scale 
images, 2D display might enhance lesion conspicuity as it did 
for the cross in Figure 2. 


Discussion 


By using hybrid color display to combine the data from two 
different pulse sequences without significant loss of their 
individual information content, a superior diagnostic image 
may theoretically result. Although our work has been limited 
to MR imaging, the technique should be readily applicable to 
the full range of imaging methods. Dual-energy radiography, 
especially CT, is only one example. 

Currently, the only requirement for hybridization is that the 
images being combined are not misregistered. Otherwise, 
complex 2D transformations would be necessary, which 
would add complexity and undoubtedly would degrade the 
image quality. This requirement is met most easily by perform- 
ing a multidimensional experiment, such as a multiple SE, 
where the hybrid pair is acquired virtually simultaneously. 
However, as shown here, ensuring that the subject does not 
move appreciably between separate acquisitions will suffice. 

Radiologists who have experience almost exclusively with 
the gray scale may be reluctant to adopt a 2D color scale. 
Many are already prejudiced by their experience with conven- 
tional one-dimensional pseudocolor display, from which this 
technique must be distinguished. In addition, the optimal 
acquisition protocols for nybrid color display may not coincide 
with those used to obtain routine gray-scale display. Undoubt- 
edly diagnosticians will be reluctant to maximize color hybrid 
utility at the expense of their gray-scale standard. Converting 





Fig. 4.—3-mm axial brain section from multislice SE series, obtained through lateral ventricles in patient with multiple sclerosis to show potential of 


hybrid color display to delineate disease. 


A, SE image (TR = 1500 msec, TE = 25 msec), 256 x 128 matrix, two excitations. 
B, SE image (TR = 2500 msec, TE = 80 msec), 256 x 128 matrix, two excitations. 
C, A (hue) x B (luminance) hybrid color display. Well-delineated, predominantly periventricular plaques of multiple sclerosis are peach-colored (arrows). 
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to hybrid color capability will require either the purchase of an 
add-on postprocessing unit or system upgrading, including 
the addition of a high-resolution color monitor and some 
software modifications. In addition to these expenses, the 
cost of color filming may be higher, even if only half the 
number of images need to be photographed. 

The potential for enhanced anatomic and pathologic con- 
spicuity, more facile tissue characterization, and more expe- 
ditious review, however, would seem to warrant a large-scale 
review of the technique. The sensitivity and specificity of 
hybrid color and conventional gray-scale display must be 
compared over a broad range of disease, with acquisition 
protocols optimized for the respective techniques. Hybrid 
color images have been shown to be at least equal to the pair 
of routinely obtained gray-scale SE images for the evaluation 
of multiple sclerosis and may facilitate the quantification and 
three-dimensional display of disease [9]. The crucial test may 
be to compare studies performed on the same patient popu- 
tation but optimized for both techniques individually. 

Further work is also needed to perfect the hybrid color 
technique itself (perhaps increasing the number of luminance 
levels from four to eight or 16) and to optimize the acquisition 
sequences for hybridization. In addition to combining chemi- 
cal-shift. flow-enhanced, and variously T1- and T2-weighted 
images, as illustrated in this article, other pairings may have 
promise, including pre-/postcontrast, multinuclear (Na/H), and 
systolic/diastolic matings. Hybrid color display may also prove 
to be ideal for visually integrating the voluminous data present 
in multiacquisition dynamic cardiac MR studies, which are 
often viewed in loop formats. Lastly, hybrid color may be 
suitable for the display of two-parameter calculated MR im- 
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ages. For example, from a single multiple-SE experiment both 
proton density and T2 can be derived by fitting to a monoex- 
ponential decay curve. The calculated data can then be 
displayed in a single color hybrid (for each pixel, T2 assigned 
a hue, and proton density assigned a luminance level}. 
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Radionuclides in Nephrology. Edited by A. Bischof-Delaloye and M. D. Blaufox. (vol. 56 of Contributions to 
Nephrology, series edited by G. M. Berlyne and S. Giovannetti.) New York: Karger, 278 pp., 1987. $149.50 


This volume represents proceedings of the 6th International Sym- 
posium on Radionuclides in Nephro-Urology (Lausanne, Switzerland, 
May 5-7, 1986). it is refreshing to see a completed volume within a 
year of an international meeting, and likely represents a Herculean 
effort on the part of the editors. After a preface, the 46 contributions 
are divided Into eight sections: renal physiology, radiopharmaceuti- 
cals, renal function, hypertension, nuclear magnetic resonance, trans- 
plantation, metabolic disease, and urologic disease. The first thing 
that becomes apparent is that 46 chapters occupy only 272 pages, 
making for an average of less than six pages each. Hence, with the 
exception of a few surveys, each chapter deals with a fimited area of 
the subject. None of the chapters contains a summary of Its contents. 
The number of references ranges from none (in two chapters) to 27; 
the average Is about eight each. 

An obvious advantage of such a volume is that it presents a broad 
view of the field (from several perspectives). The disadvantage is that 
Chapters vary widely in quality. On the pius side is the inclusion of 
several recent “frontline” areas, such as the use of MR in renal 
evaluation and the captopril challenge test, and the mention of most 
of the radiopharmaceuticais being used for evaluation of the urinary 
tract. The reader must use a bit of effort in separating out the relevant 
contributions, as work on experimental animals is admixed with 


Clinical studies. Several proposals are Included for techniques that 
may evolve into clinical usefulness (for example, the contribution by 
Peters and coworkers on the noninvasive measurement of renal blood 
flow with *"Tc-DTPA). | could quibble with the arrangement of the 
chapters, arguing that a description of normal function and selection 
of radlopharmaceuticais should precede the second chapter, which 
deals with renal injury from cisplatin. However, with 46 contributions, 
arrangement of the order of presentation was likely a challenging 
task. 

Particularly helpful may be three chapters that survey large areas 
of the field (the renin system in hypertension by Brunner et al., current 
status of renal radiopharmaceuticais by Blaufox, and nuclear medicine 
In urology by O'Reilly). Several contributions appear of only peripheral 
interest, such as the discussions of parathyroid imaging and meas- 
urement of plasma ‘“C-oxalata. Overall though, the book Is a broad 
sweep and panoramic view of the fleld. The price is somewhat 
overwhelming, perhaps limiting the purchase of the volume to de- 
partments and specialsts in the area rather than encouraging pur- 
chase by the individual practitioner. 

Richard P. Spencer 
University of Connecticut Health Center 
Farmington, CT 06032 
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The Biophysical Basis of 
Tissue Contrast in 
Extracranial MR Imaging 





So that radiologists can understand better the differences between tissues that 
determine MR image contrast, the biophysical basis of proton-MR tissue contrast is 
reviewed. Differences in the molecular sizes of water, fat, and protein macromolecules 
affect the rate of molecular motion, which in turn influences relaxation times. Differences 
in the physical state of water within tissues determine the extent to which the motion of 
water is restricted by binding to hydrophilic macromolecules (e.g., protein), which in 
turn causes variable amounts of T1 and T2 shortening. Understanding these concepts 
and knowing the location in the body of free water, cellular tissues, fat, collagen, Done, 
and tissue iron improve the radiologist’s ability to extract useful information from MR 
images. 


Because of outstanding soft-tissue contrast, MR imaging has become a valuable 
technique for imaging many areas of the body. Although much has been written 
about the pulsing sequences and physical principles of MR imaging, little emphasis 
has been placed on the biological basis of image contrast. The striking soft-tissue 
contrast available with MR is due primarily to large differences in T1 and T2 
relaxation times between various tissues; proton density is thought to have less 
effect in most soft tissues [1]. These differences in relaxation times can be 
correlated with differences in tissue composition. Information obtained as a result 
of extensive basic research in this area can be applied directly to understaading 
signal intensities in clinical MR images. 


Mechanisms of Relaxation 


Signal in proton MR depends on the local environment of a proton, which affects 
the rate of return to equilibrium of the proton’s magnetization after it is perturbed 
by an RF pulse [1]. At equilibrium, macroscopic magnetization is in the longitudinal 
axis. Immediately after the RF pulse, some of this magnetization (100% if the flip 
angle is 90°) is transferred into the transverse plane. Both the longitudina’ and 
transverse components of magnetization return to equilibrium by different mecha- 
nisms, with different time constants. Longitudinal magnetization is recovered by 
spin-lattice relaxation, which is described by the T1 relaxation time. Spin-lattice 
(T1) relaxation involves transfer of energy to the environment (lattice) from spin 
systems excited by the RF pulse. Transverse magnetization decays because of 
spin-spin relaxation, described by the T2 relaxation time, which involves the loss 
of spin coherence among excited nuclei. These relaxation processes occur by 
specific interactions between nuclei, which are modulated largely by molecular 
motion and the resultant fluctuation of local magnetic and electrical fields. 

The frequency distribution of molecular motion within a sample is described by 
the correlation time, Tc, which is the average time between collisions for a “typical” 
molecule within a sample [2]. Two or more correlation times are used if motion 
about one axis is preferred and if both translational and rotational motions are to 
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be described. Because of molecular motion, the local mag- 
netic fields fluctuate and interact with spin systems excited 
by the RF pulse (macroscopic magnetization). As a result, 
only motion with a frequency equal to or double the Larmor 
resonance frequency can contribute to both T1 and T2 relax- 
ation. Slower molecular motion, however, contributes to T2 
alone, causing T2 of biological tissues to be significantly 
shorter than T1 [3, 4]. 

In nonviscous liquids, molecules move rapidly, described 
by a short Tc, and have a wide and evenly distributed fre- 
quency range. The component with frequency equal to the 
Larmor frequency is thus relatively weak, and the resulting 
relaxation is ineffective. Such random and rapid motion av- 
erages local fields almost to zero. As a result, T1 and T2 are 
equal to each other, independent of the Larmor frequency 
and inversely proportional to the Tc of the liquid [3-6]. T1 
and T2 relaxation are more effective in viscous liquids and 
biological soft tissues, which have longer correlation times. 

Ti is minimum when Tc is equal to the inverse of the 
resonance frequency; in this situation the component of mo- 
tion with frequency equal to the Larmor frequency is largest. 
The biological tissue with Tc closest to the inverse of the 
resonance frequency is adipose tissue, which therefore has 
a short T1 [1]. 

Tc is long in macromolecules such as protein, resulting in 
ineffective spin-lattice relaxation, and thus long T1. The low 
frequency motion of macromolecules contributes to spin-spin 
relaxation, however, resulting in shortening of T2 until its 
plateau, which is characteristic of a completely rigid solid 
microstructure [3-7]. Because of the extremely long T1 and 
short T2 of macromolecules, no signal in MR images arises 
directly from them [1]. Macromolecules such as protein do, 
however, influence the magnetic relaxation of adjacent water 
molecules and are thus an important source of tissue contrast, 
whether dissolved in fluid collections or part of the structure 
in an intracellular matrix [3, 5-13]. 

Several specific mechanisms exist by which a perturbed 
spin system returns to equilibrium. Three of these are domi- 
nant in proton imaging of biological systems [2]: (1) Nuclear 
dipole-dipole interaction refers to the interaction between the 
magnetic dipole fields of neighboring nuclei, which fluctuate 
because of molecular motion. This effect decreases as a 
power of 6 of the distance between the nuclei. (2) Relaxation 
via chemical shift anisotropy can occur if electron shielding of 
the nuclei (chemical shift) depends on the orientation of the 
molecule in the magnetic field. This effect may be an important 
cause of the extremely short T2 of collagenous tissues such 
as tendons [14]. (3) Paramagnetic substances, which have 
unpaired electrons, induce relaxation by their electron mag- 
netic moments or by transfer of unpaired electrons to the 
relaxing atom itself [15]. Dipole-dipole interaction from this 
mechanism is extremely powerful because the electron mag- 
netic moment is approximately 1000 times stronger than the 
nuclear magnetic moment. Thus, even small amounts of 
paramagnetic substances can decrease relaxation times sig- 
nificantly. 

An important concept in MR imaging is that of magnetic 
susceptibility, which indicates the degree to which a sub- 
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stance alters the applied magnetic field [16]. Inhomogeneous 
magnetic susceptibility within a tissue results in nonuniform 
alteration of the magnetic field, causing water protons to 
precess at different rates. To some extent the resulting phase 
spread can be corrected by the 180° refocusing pulse applied 
in spin-echo imaging. A refocusing pulse cannot, however, 
correct the phase spread of water molecules that diffuse to 
regions of different field strength during the pulse sequence. 
The resulting loss of phase coherence causes an observed 
decrease in effective T2 relaxation time. This phenomenon 
increases with the square of the strength of the main magnetic 
field [16]. When a 180° refocusing pulse is not applied, as in 
pulse sequences that depend on gradient refocusing, the 
effects of inhomogeneous magnetic susceptibility remain 
completely uncorrected [16, 17]. This leads to marked signal 
loss at boundaries between substances of different suscep- 
tibility (such as within and adjacent to hematomas, and at 
interfaces between soft tissue and air and—to a lesser ex- 
tent—between soft tissue and bone). 


The Biological States of Water 


In soft tissues other than fat, water is the principal source 
of MR signal. Water within most tissues differs from that of 
simple solutions. Although the precise explanation for this is 
controversial, most investigators agree that biological water 
exists in at least two states and that this phenomenon leads 
to different relaxation times among tissues. Some disagree- 
ment exists, however, as to the number of states of biological 
water, the amount of water in each state, the relative contri- 
bution of each state to tissue relaxation rates, and the exist- 
ence of a component of slow exchange between states. In 
this paper, we present a basic scheme for understanding how 
the behavior of biological water affects contrast between 
tissues in MR images, emphasizing points of agreement 
among investigators. For more detailed formulations of this 
phenomenon, the interested reader is referred to several in- 
depth discussions of this topic [3, 5, 6, 9, 18-20]. 

The two basic states of water often are referred to as free 
and bound [1, 3, 5-8, 11-13, 18-20]. Free water has relatively 
unrestricted motion. Extracellular water exists primarily as 
free water. Bound water has markedly different properties, 
which are thought to be due, at least partially, to hydrogen 
bonding with hydrophilic groups within the complex matrix of 
intracellular proteins and membranes. This interaction re- 
stricts the motion of water molecules and shortens T1 and 
T2 relaxation times. 

Many investigators favor a fast-exchange two-phase 
model. in this model, the free and bound portions of intracel- 
lular water are in rapid exchange with each other, and the 
relaxation rate of tissue therefore reflects a weighted average 
of its free and bound components [5, 8, 19]. Three-phase 
models have been proposed also [3, 6]. 

Tissues with an increased amount of free water have longer 
T1 and T2 relaxation times. Increased free water is present 
in tissues with abundant extracellular fluid. Neoplastic tissues 
also have an increased amount of free water that is only 
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partially accouated for by increased extracellular fluid. Neo- 
plastic cells themselves can have increased free water and 
longer T1 and T2 relaxation times; this is due to increased 
total cellular water and/or a decreased proportion of intracel- 
lular water that is bound to the surfaces of macromolecules 
(5, 11, 12, 21]. T1 relaxation time appears to be correlated 
with the rate of cell division and the phase of mitosis, even 
when total-cell water is constant. T1 of synchronized cell lines 
is shortest during the S phase, when nuclear microstructure 
is complete, whereas T1 is longest during the M phase, when 
chromosomes are most condensed and chromosomal surface 
area is therefore at a minimum [21]. 


The Effect of T1 and T2 Relaxation on MR image 
Contrast 


After a 90° FF excitation pulse, longitudinal magnetization 
recovers at a rate determined by the average T1 relaxation 
time of the tissue. Tissues with short T1 recover a greater 
portion of their longitudinal magnetization within a given time 
interval and therefore tend to have higher signal intensity than 
tissues with long T1, unless contrast due to differences in T2 
and/or proton density predominate. If the time between ex- 
citation pulses (TR) is three times longer than the longest T1 
among tissues in an image, then recovery of longitudinal 
magnetization will be nearly complete for all of these tissues. 
In such an image. little T1 contrast will be present. If, however, 
TR is short, then tissues with short T1 will have higher signal 
than tissues with long T1. Such an image can be considered 
relatively T1 weighted. The optimum TR depends on the T1 
values of the tissues of interest and therefore depends on 
magnetic field strength. Typically. T1-weighted images have 
TR less than or equal to 600 msec. In the liver, decreasing 
the TR to approximately half that amount may increase the 
T1 contrast, at least when imaging at 0.6 T or less [22]. 

Another imaging parameter that has an important effect on 
T1 contrast is the excitation pulse angle [23], a full discussion 
of which is beyend the scope of this article. 

if the time between the centers of the excitation pulse and 
the echo (TE) is short (e.g., 20 msec or less), most spins will 
still be in phase, and there will be little contrast based on 
differences in T2. With long TE (e.g., greater than 60 msec), 
however, tissues with short T2 will experience much dephas- 
ing and will have lower signal intensity than tissues with long 
T2, unless contrast due to differences in T1 and/or proton 
density predominate. Images in which the primary source of 
contrast is differences in T2 can be considered relatively T2 
weighted. 

For optimum T1 weighting, both TR and TE should be 
short, although the minimum TE often is set by technical 
limitations. For optimal T2 weighting, TR and TE should both 
be long, although TR often is limited by imaging time con- 
straints and TE by reduced signal that results from increasing 
TE. Images with long TR and short TE have less T1 and T2 
contrast and are therefore frequently referred to as “proton- 
density weighted,” although this term does not necessarily 
reflect the combination of T1, T2, and proton-density differ- 
ences that govern contrast in these images. 
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Classification of Tissues and Body Fluids Based on MR 
Signal Characteristics oe 


Most extracranial soft tissues have similar proton density 
[1, 24]. T1 and T2 relaxation times vary greatly, however, 
and tissues therefore can be separated into seven classes on 
the basis of the preponderant material that determines their 
appearance on MR images (Tabie 1, Fig. 1). 


Free Water 


Extracellular water and neoplasms are rich in free water. 
Extracellular water can be found in edematous areas; urine 
(e.g., kidney, bladder); tubules (e.g., testes, prostate), follicles 
(e.g., ovaries. thyroid); stagnant blood (e.g., venous plexes, 
spleen, cavernous hemangiomas, penis), and CSF, interver- 
tebral disks, cysts, necrotic areas, and fluid collections (Table 
2). These tissues and body fluids, as well as neoplasms, 
usually will have low signal on T1-weighted images (except 
on magnitude inversion-recovery images with short inversion 
time, in which tissues with long T1 have high signal intensity 
(25]) and high signal on T2-weighted images. The ability to 
separate fluids or tissues with abundant free or extracellular 
water from more densely cellular tissues on the basis of signal 
characteristics is one of the most important advantages MR 
has when compared with other imaging techniques. 

Some neoplasms cannot be clearly distinguished from the 
organ of origin. Neoplasms that are hypocellular and desmo- 
plastic can have low signal on T2-weighted images because 
their signal characteristics may be dominated by the fibrous 
tissue [26]. Neoplasms that originate in organs that have long 
T1 and T2 relaxation times because of abundant extracellular 
water, such as kidney [27] or spleen [28], also may have less 
contrast with the organ of origin. In some instances, such as 
in the prostate, carcinoma may be manifested as focally 
decreased signal [29]. 


Proteinaceous Fluid 


Protein in aqueous solutions enhances spin-lattice relaxa- 
tion and therefore shortens T1. Proteinaceous fluid, such as 
that found in synovial fluid, abscesses, and proteinaceous 
cysts, therefore will have shorter T1 relaxation times than 
“simple” fluids, such as urine or CSF, and will have signal 
intensity similar to that of normal cellular tissues on T1- 
weighted images [10-13]. Similarly, neurofibromas, which 
have a large amount of extracellular water contained in a 
myxoid matrix rich in mucopolysaccharide molecules, have a 
shorter T1 than muscle [30]. 

Protein molecules in solutions are relatively unstructured 
and randomly distributed rather than fixed in intracellular 
membranes and organelles. This may explain why the amount 
of T1 and T2 shortening by protein in solution is similar. This 
is to be distinguished from normal intracellular water, in which 
T2 is much shorter than T1. Consequently, proteinaceous 
fluid has high signal intensity on T2-weighted images. In fact, 
with most T2-weighted pulse sequences in clinical use (which 
do not have a long enough repetition time to allow full recovery 
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TABLE 1: Classification of Tissues and Body Fluids Based on MR Signali Characteristics 





Tissue or Body 


Fluid aa i 


Cortical bone 
Calculi 
Tendons 
Ligaments 
Fibrocartilage 
Scar 
Fat Adipose tissue 
Bone marrow 
Cellular tissue Liver 
Pancreas 
Adrenal gland 
Muscle 


Hard tissue 


Nonneoplastic tumors 


Hyaline cartilage? 
See Table 2 
Abscess 
Synovial fluid 
Some cysts 

See Table 3 


Free water 
Proteinaceous fluid 


Hemorrhage 
Blood flow 


| Intermediate 


Signal Intensity 
T1 T2 


Low Low 


High Intermediate to high 


Low to intermediate 


Low High 
Intermediate High 


Variable 
Variable 


Variable 
Variable 





Note.—T1 = T1-weighted images; T2 = T2-weighted images. 
* Hyaline tissue is not a cellular tissue, although it may resemble cellular tissues on spin-echo MR images. 


A B 


Fig. 1.—Sagittal MR images (1.5-T Signa; General Electric, Milwaukee) 
of a posttraumatic knee show different signal characteristics of cortical 
bone, fibrocartilage, muscle, fat, hyaline cartilage, hematoma, and protein- 
aceous fluid. 

A, TR = 600 msec; TE = 20 msec. In this relatively T1-weighted image, 
“hard tissues,” such as cortical bone (B) and fibrocartilage in the medial 
meniscus (FC), are depicted as signal voids. Soft tissues, such as muscle 
(Mu), have slightly higher signal intensity. Hyaline cartilage (HC), which is 
composed of water in a mucopolysaccharide matrix, has a shorter T1 and 
therefore has intermediate signal intensity. A posterior hematoma (He) has 
an even shorter T1, presumably because of the paramagnetic effects of 
methemoglobin, and therefore has higher signal intensity. Fat (F) in the 


of longitudinal magnetization for all tissues) proteinaceous 
fluid may have even higher signal intensity than simple fluid 
(e.g., urine) [31]. This is because the large difference in T1 
relaxation in this case is dominant over the smaller difference 
in T2 relaxation, even on T2-weighted images. 





bone marrow and subcutaneous tissues also has a short T1 and has signal 
intensity similar to that of the hematoma. 

B, TR = 2000 msec; TE = 20 msec; in a similar plane to A. Less T1 
contrast occurs because of longer TR. Proteinaceous cyst (P) has inter- 
mediate signal intensity, similar to hyaline cartilage. He = hematoma. 

C, TR = 2000 msec; TE = 60 msec; in a plane identical to B. In this 
relatively T2-weighted image, hematoma (He) has higher signal intensity 
than fat because of its longer T2. Synovial fluid (arrow) and proteinaceous 
fluid (P) also have long T2 relaxation times and therefore have higher 
intensity than more highly structured articular cartilage. Fat has shorter T2 
relaxation than these fluids and therefore has lower signal intensity. 


Soft (Cellular) Tissues 


Much of the water in soft tissues (e.g., pancreas, liver, 
adrenal, muscle) is intracellular and therefore is affected sig- 
nificantly by hydrogen bonding to cellular macromolecules. 
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TABLE 2: Tissues or Body Fluids with Abundant Free or 
Extracellular Water 





Tissue or Body Fluid 


Urme Kidney 
Biadder 
interstitial water Edematous areas 
ies Testes 
Prostate 
Seminal vesicles 
Ovaries 
Thyroid 
Spieen 
Venous plexuses 
Penis 
Cavernous hemangiomas 
Any location 
Cysts 
Fluid collections 
Necrotic areas 
CSF 
intervertebral disks 
Synovial fluid 











Stagnant biood 


Neoplasms (nondesmopiastic) 
Other 





Cellular tissues therefore nave shorter T1 and especially short 
T2 relaxation times relative to tissues primarily composed of 
extracellular water. Their-spin-echo intensities are intermedi- 
ate between fat and bone on both T1- and T2-weighted 
images. 

Cellular tissues that are active in protein synthesis and 
therefore contain abundant endoplasmic reticulum (e.g., pan- 
creas and liver) have an especially large intracellular surface 
area anc thus have especially short T1 relaxation times [20]. 
Muscle, whicn is less active in protein synthesis, has a rigid 
matrix of actin and myosin that apparently is less effective in 
shortening T1 relaxation tan it is in shortening T2 relaxation. 
This may be the reason that muscle has lower signal intensity 
on both Tt- and T2-weiehted images than most other soft 
tissues [20]. 

Certain benign tumors composed of normal ceils, such as 
focal nodular hyperplasia of the liver [32] or nonhyperfunc- 
tioning:adenoma of the acrenal gland [33, 34], have relaxation 
characteristics similar to that of normal cellular tissues. Like 
normai soft tssues, these tumors typically will have signal 
intermediate between thet of bone and fat on both T1- and 
T2-weighted mages. 

Hyaine carilage is a unique tissue that is rich in extracellular 
water bound to a mucopolysaccharide matrix [35]. Presum- 
ably because of extensive hydrogen bonding between water 
and protein molecules, hyaline cartilage has relaxation char- 
acteristics similar to celular tissues and has intermediate 
signal on mast MR images. Fibrocartilage, with less water 
content and a higher concentration of oriented collagen fibers, 
has a iong T1 and a very short T2. Fibrocartilage therefore 
has iow signal intensity oa both T1- and T2-weighted images 
{36, 37] and ean be considered a “hard” tissue. 

The T shortening effect of macromolecules in biological 
tissues appears to be less pronounced at higher magnetic 
field strength [3, 5, 11, 12, 38], which may theoretically 
diminish T1 contrast between water-containing tissues. In 
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most cases, T2 relaxation is relatively independent of mag- 
netic field strength [5, 11, 38]. 


Hard (Mineral-Rich or Collagenous) Tissues 


Hard tissues have low signal intensity on virtually all MR 
images. Although the explanation for the low signal cf mineral- 
rich tissues is different from that of collagenous tissues, these 
tissues can be considered together because of ther similar 
appearance on MR images. 

Minerai-rich tissues, such as bone or calculi, cottain few 
mobile protons and consequently result in little signal regard- 
less of the pulse sequence used. Collagenous tissues (e.g., 
tendons, ligaments, fibrocartilage, or fibrosis) also contain 
less water because of their high proportion of protein mole- 
cules. Decreased density of water cannot by itself, owever, 
account for the extremely short T2 and long T1 relaxation 
times observed for collagenous tissues [8, 14] or the ex- 
tremely low signal observed clinically on both T1- and T2- 
weighted images [36, 37, 39]. 

Some investigators think that the extremely short T2 relax- 
ation time of collagen is a result of the orientation of collagen 
fibers, which causes motion of adsorbed water molecules 
relative to the magnetic field to be anisotropic. This phenom- 
enon is thought by some investigators to account for the 
extremely short T2 times observed for collagenous tissues 
(8, 14]. 


Fat (Adipose Tissue) 


Although in vivo measurements have disclosed a slight but 
significantly higher proton density of adipose tissue relative 
to some other soft tissues [24], differences in T7 and T2 
relaxation times are more important in most images. Most 
protons in fat are present within hydrophobic CH; groups 
contained in intermediate-sized molecules, which tumble at a 
rate close to the Larmor frequency. Interaction with the envi- 
ronment is efficient, and T1 relaxation is short [7]. Signal 
therefore will be high in most T1-weighted images. 

Because of the hydrophobic nature of fat, hydrocen bond- 
ing to macromolecules does not affect its physical or magnetic 
State [12, 13]. T1 relaxation times for most soft tissues 
increase with higher field strength because the T1 s7ortening 
effects of intracellular macromolecules are less prorounced. 
This is not true for fat, however [13, 38]. At higher magnetic 
field strength, T1 differences between fat and most soft 
tissues therefore may be increased, resulting in higner con- 
trast between fat and water on T1-weighted images. 

Protons within fat have a shorter T2 than free water be- 
cause of the larger size and longer correlation time of lipid 
molecules. Because of its shorter T2, the signal from fat will 
be decreased with respect to water on images that are 
sufficiently T2 weighted. On many “T2-weighted” sequences, 
fat may appear isointense or hyperintense relative to water 
(e.g., urine or cyst fluid) [40]. This is presumably because 
image contrast in these sequences is dominated by the large 
differences in T1 between fat and water, which oppose the 
differences in T2. Decreased signal of water in T2-weighted 
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images -also may be due. to‘off-resonance effects from selec- 

tive RF pulses, which result in decreased signal intensity, 
especially in tissues with long T2 (e.g., free water) [41]. 

Fat is also a unique tissue in that most of its signal arises 


from protons within CH. groups. These protons precass’ 


approximately 3 ppm slower than protons: In water. This 
phenomenon also can be used in various techniques to sep- 
arate fat from water [42, 43]. 


Hemorrhage 

iron atoms within hemorrhage can exert powerful paramag- 
~ netic and/or susceptibility effects, which depend on the phys- 
-ical and oxidative state of hemoglobin [16] (Table 3). Hemo- 

.globin in oxygenated blood has only one unpaired electron 
' and is therefore only minimally paramagnetic. Thus, oxygen- 
ated blood has relaxation characteristics similar to free water, 
accounting for the appearance of sluggish flowing blood (e.g., 
spleen [28], cavernous hemangiomas [44], venous plexuses 
[29, 31]) on T1- and T2-weighted images and causing poten- 
tial difficulties in differentiating fresh hemorrhage (less than 1 
day old) from other fluid [45]. l 

Deoxyhemoglobin in unoxygenated blood is paramagnetic 
because of the four unpaired electrons in the ferrous (Fe**) 
lon [16]. These. unpaired electrons, however, are not physi- 
cally accessible to water molecules. Therefore, deoxyhemo- 
globin has little if any effect on spin lattice (T1) relaxation [16, 
45-47]. intracellular deoxyhemoglobin in acute hemorrhage 
can decrease signal in T2-weighted images however. This 
_ occurs because the slowly moving deoxyhemoglobin mole- 
cules within intact RBCs create zones of, different magnetic 
susceptibility. The resulting field gradients are partially com- 
pensated for by a 180° refocusing pulse used in the spin- 
echo technique. A refocusing pulse cannot, however, correct 
losses in phase coherence resulting from diffusion of water 
molecules along these field gradients. This results in greater 
spin dephasing, which shortens the effective T2. The dephas- 
ing effect of deoxyhemogiobin increases if field strength is 
high [16, 46] or if a 180° refocusing puise is not applied [17]. 
In these situations, acute hemorrhage will have low signal 
intensity on both T1- and T2-weighted images [46]. ~ 

With aging of hemorrhage, RBCs lyse, and deoxyhemoglo- 
bin is oxidized to Its ferric (Fe**) form, methemoglobin. Met- 
hemoglobin is also paramagnetic, and its five unpaired elec- 
trons are more accessible to water molecules than are the 
unpaired electrons in deoxyhemoglobin [16]. Thus, T1 relax- 
ation of the nearby water molecules is shortened. Subacute 


TABLE 3: MR Signal Characteristics of Hemorrhage 





Signal 
Age Bacar Intensity 
n 
oon T1 T2 
Fresh (<1 day) Free water Low High 
Acute (1-6 days) Deoxyhemogtobin Low Low 
Subacute/chronic Methemogtobin. 
(>7 days) Intracellular High Low 
Extracellular High High 
scar Hemosiderin Low Low 





Note.—Signal intensity at 1.5 T. T1 = T1-weighted images; T2 = T2- 
weighted images: Age in days is approximate and may vary with location. 
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(greater than .7 days)’ hemorrhage therefore typically will 
have high signal on both T1- and maio images [t6, 
46,47]. | l 

If oxidation to methemoglobin occurs before RBC lysis, a 
transitional signal pattern will be noted. Intracellular methe- 
moglobin has restricted motion and therefore causes spin 
dephasing In a manner similar to that of intracellular deoxy- 
hemoglobin. If this occurs, both T1 and T2 relaxation will be 
significantly enhanced, and the hematoma will have high 
signal on T1-weighted images and low signal on T2-weighted 
images [16, 31, 46]. 

if hemosiderin Is present because of chronic hemorrhage 
(or because of Iron storage disease such as hemosiderosis 
[48]), pronounced spin dephasing and T2 shortening will occur 
owing to inhomogeneous magnetic susceptibility. Signal will 
be low, even on relatively Ti-weilghted spin echo images, 
because of the T2 contrast inherent in the spin-echo technique 
[16, 46]. 

Although the signal characteristics of hematomas can vary, 
in most cases hemorrhage can be distinguished from other 
tissues if more than one pulse sequence Is used. This consti- 
tutes another advantage of MR over other imaging tech- 
niques. In Isolated cases in which high-signal hematomas 
cannot be differentiated from fat, chemical shift-sensitive 
techniques may be of benefit. 


Blood Flow 


T1 and T2 relaxation of blood are determined by its extra- 
cellular water content, as evidenced by the low signal on T1- 
weighted images and high signal on T2-weighted images of 
the spleen, venous plexuses, and cavernous hemangiomas. 
Flow can alter the signal intensity obtained, however, de- 
pending on multiple factors such as TR; TE; number of 
echoes; position within a “stack” of images; and speed, 
pulsatility, and/or turbulence of flow [49]. Further discussion 
of flow effects is beyond the scope of this review. 


Conclusion 


In T1-weighted Images, fat has such high signal relative to 
other tissues that these Images can be thought of crudely as 
“fat images”; much anatomic detail is evident because of 
contrast with the surrounding fat. Similar to CT Images, 
pathologic lesions often are seen as low-signal (MR) or low- 
attenuation (CT) defects within fat or soft tissue. Subacute or 
chronic hemorrhage, however, has high signal and therefore 
can be characterized on T1-weighted images. 

in a similar respect, T2-weilghted Images can be thought of 
crudely as “water images”; pathologic lesions, by virtue of 
their high content of free water, frequently can be seen as 
high-signal “hot spots.” Identification of free water is a major. 
advantage of MR, an advantage that can be exploited best 
by full knowledge of the location of free water In normal and 
pathologic tissues. l 

Designation of images as T1-weighted or T2-weighted Is a 
simplification that can lead to image ‘misinterpretation. Vir- 
tually all images have contributions from both T1 and T2 
contrast, as well as from proton density. Occasionally, T2 
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contrast can. predominate in T1-weighted images, such as in 
hemochromatosis in which the extremely low signal on T1- 
weighted images is due tc the pronounced shortening of T2 
relaxation by the effects of inhomogeneous susceptibility. 
Similarly, T1 contrast car predominate in T2-weighted im- 
ages, Causing proteinaceeus or hemorrhagic fluid to have 
higher signai than urine because of shorter T1. 

Signal intensity on MR images reflects the physical char- 
acteristics-of protons in the tissues being imaged. Fat, cellular 
tissues, hard tissues, extracellular and neoplastic water, hem- 
orrhage, and flowing blooc all have distinct signal character- 
istics and can be separatec if the proper pulse sequences are 
used. An appreach to MR image interpretation that is based 
on knowledge of this classification of tissues can optimize the 
tissue-characterizing abilities of MR. 
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Practical Guide to Quality Assurance in Medical Imaging. By B. M. Moores, E. T. Henshaw, S. A. Watkinson, 
and B. J. Pearcy. New York: Wiley, 131 pp., 1987. $34.95 


A good quality-assurance program is an essential part of the daily 
operation of a diagnostic radiology department. Quality assurance is 
important from two standpoints: first, ensuring a high level of depart- 
mental imaging capability, and second, maintaining compliance with 
reguiatory statutes and accreditation requirements. A properly imple- 
mented quality-assurance program represents a minimal commitment 
of time and resources by the radiology department and yields many 
benefits in maintaining a high standard of practice. Identification of 
the relevant parameters and proper organization are essential to the 
establishment and maintenance of such a program. 

This brief book contains 22 chapters encompassing the primary 
features of a well-constructed quality-assurance program. Topics 
covered include analysis of rejected films; measurement of doses 
administered to patients; proper operation of radiographic, mammo- 
graphic, sonographic, and CT equipment; multiformat cameras; and 
concepts of radiation safety. This book is oriented principally toward 
chief technologists and toward radiologists who wish to develop and 
establish a quality-assurance program in their department. It is also 
valuable as a procedural review of pertinent topics for the physicist 
overseeing and providing expert input into an ongoing quality-assur- 
ance program. 

Key points for each of the 22 chapters are organized like a brief 
outline. Each specific chapter is organized as follows: first, the aim 
of a particular procedure; second, the apparatus to make the relevant 
measurements; third, the method of performing the measurements; 
fourth, the implementation of the test procedure, including the fre- 
quency of the testing, the method of record keeping, the acceptance 
criteria or tolerance level; and fifth, the action to be undertaken in 
case of deficiencies. Each section is presented succinctly in the form 


of an operating procedure. Illustrations are provided, highlighting the 
important aspects of a given measurement and/or test-object feature. 

A discussion of the underlying theory and physical principles for 
the described tests are not included in this book. In general, however, 
it is not considered essential to the implementation of a quality- 
assurance program that the person carrying out these measurements 
understand all aspects of the underlying physics. Persons desiring 
more detailed information would have benefited from having refer- 
ences to the scientific literature included with the text. However, 
much of that information can be obtained from direct consultation 
with a medical physicist or from other medical physic texts dealing 
with the practice of diagnostic radiology. 

The overall layout of the book is nice, and the illustrations are of 
high quality. The organization allows the reader to find the area of 
specific interest rapidly and to identify the test to be performed and 
the action to be taken on the basis of the results of the test in an 
efficient fashion. This book will be helpful for those radiologists and 
technicians wishing to establish a quality-assurance program who do 
not have ready access to physics services. In addition, this book is a 
useful guide to evaluate the adequacy of current quality-assurance 
programs. This book wouid be a valuable addition to the libraries of 
practicing radiologists and technologists as well as those of physicists 
wishing to have a succinct statement of content and procedures of a 
quality-assurance program. 


Thomas R. Nelson 
University of California, San Diego, School of Medicine 
La Jolla, CA 92093 
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Magnetite Albumin 
Suspension: 

A Superparamagnetic Oral 
MR Contrast Agent 





Suspensions of magnetite albumin microspheres (MAM), a new biodegradable partic- 
ulate iron superparamagnetic MR contrast material, were evaluated in vitro and ir vivo 
as an oral contrast agent. MAM is stable over a broad range of pH and tolerates 
proteolytic enzyme exposure over 24 hr in vitro. MAM possesses a much larger magnetic 
moment than do paramagnetic contrast agents. The transverse relaxation rate (Fi2) of 
MAM can be as much as 40 times the longitudinal relaxation rate (R1). In vitro spectro- 
scopy studies confirm the potency of MAM in promoting T2 relaxation at concentrations 
of 10-1000 mg/l. Preliminary studies in rabbits and dogs show that in contrast te oral 
gadolinium-DTPA, which causes increased signal in bowel, MAM causes marked signal 
loss in the stomach and small bowel on both T1- and T2-weighted pulse sequences. 
Radionuclide labeling studies of MAM suspension with Te show no evidence of 
absorption of MAM suspension from the gastrointestinal tract in small animals. 

Superparamagnetic suspensions such as MAM that reduce bowel signal on T1- and 
T2-weighted pulse sequences offer the unique benefit of reducing motion artifacts 
throughout the gastrointestinal tract, which should allow for improved evaluation of 
intra- and retroperitoneal diseases, particularly with high-field strength and gradient- 
echo “fast-scan techniques.” Unlike paramagnetic material, MAM appears effective as 
a small-bowel contrast material. 


This study evaluates the potential of a new class of MR contrast material, 
superparamagnetic magnetite albumin microsphere (MAM) suspension, aS a gas- 
trointestinal contrast agent. Magnetite, 250-A, particulate iron oxide is superpara- 
magnetic and has a much greater magnetic susceptibility than paramagnetic 
materials [1-3]. We have recently described the use of MAM as a reticuloendothelial 
agent that predominantly causes T2 reduction [2, 3] and may have promise in 
evaluating focal hepatic lesions. Paramagnetic material reduces T1 and T2, resulting 
in increased signal on T1-weighted pulse sequences and, to a lesser extent, 
decreased signal on T2-weighted pulse sequences, resulting in a “crossover” or 
isosignal point dependent on concentration and pulse sequence. The theoretical 
advantages of the superparamagnetic agents are that, by shortening T2 and 
thereby eliminating bowel signal, (1) better definition of intraabdominal disease may 
be achieved, without the problem of signal crossover on different pulse sequences 
and at different concentrations of the agent and (2) peristaltic artifacts, which are 
proportional to bowel peristalsis and signal, may be reduced. In this preliminary 
study, we evaluated the stability of MAM in vitro and the spectroscopic cose- 
response relationship of MAM; we imaged orally administered MAM in rabbits and 
dogs and compared the relaxation effects with those of gadolinium-DTPA. 


Materials and Methods 
In Vitro Studies 


Magnetite albumin microspheres, 2-5 um in size, were prepared using a modified water- 
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in-oil emulsion-polymerization method that has been described in 
detail elsewhere [4]. The microspheres consist of a human serum 
albumin matrix in which 250-300 A magnetite particles (Ferrofluidics, 
Watertown, MA) are embedded, 20% magnetite (wt. of magnetite/ 
total weight) (Fig. 1A). The microspheres were suspended in methyl- 
cellulose (2% wt./vol.) at concentrations of 10-1000 mg/l. The ability 
of MAM to stay in suspension at different concentrations was evalu- 
ated subjectively by assessing the change in opacity of the solution 
as particles (opaque) settled in the translucent solution. Aliquots of 
MAM suspension were examined by light microscopy over the course 
of 6 hr to evaluate aggregation of MAM. 

Suspensions of MAM at a concentration of 100 mg/I were prepared 
at a pH of 2, 3, 4, 5, 6, 7, 8, and 9, and the integrity of the 
microspheres was evaluated by microscopic inspection at intervals 
over the course of 24 hr. Bovine pancreatic trypsin (1 and 2 mg/dl, 
Sigma Chemical, St. Louis, MO), corresponding to physiologic and 
high normal levels, were added to a suspension of MAM at a pH of 
8.5, and the integrity of the microspheres was evaluated by micro- 
scopic inspection at intervals over the course of 24 hr. 

T1 and T2 measurements of serial concentrations of MAM in 
methylcellulose were obtained with an IBM PC-20 minispec pulse 
NMR spectrometer (IBM, Danbury, CT) operating at a field strength 
of 0.47 T (20 MHz for protons) at 38°C. 


Radionuclide Imaging Studies 


Microsphere suspension (10 mg/ml) was labeled with °"TcO, by 
the following method. Two milliliters of stannous phosphate was 
added, and after 10 min microspheres were centrifuged to a pellet, 
washed, and suspended in methyl cellulose. Eight hundred seventy- 
five microcuries of TcO, were added, and after 10 min the suspension 
was centrifuged and washed twice, and then the supernatant was 
discarded. One 5-kg rabbit and two rats were studied under ketamine 
anesthesia. Six hundred microcuries of MAM suspension at 10 mg/ 
ml were injected into a gastric tube that was surgically positioned in 
the distal esophagus. Anterior images were obtained with a gamma 
camera (Ohio Nuclear) initially and at hourly intervals to 24 hr. 


MR Imaging Studies 


MR imaging of two 5-kg rabbits and a 20-kg dog was performed 
using a whole-body superconducting magnet at a field strength of 
0.6 T. The rabbits were anesthetized with intramuscular ketamine, 
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and an orogastric tube was inserted. Precontrast images were ac- 
quired using two spin-echo (SE) sequences: (1) TR = 600 msec, TE 
= 32 msec with two data measurements, and (2) TR = 1000 msec, 
TE = 60 msec with two data measurements. Images were acquired 
in the multislice mode using 1-cm slice thickness. A 256 x 128 pixel 
matrix was used over a 26-cm field of view (1 x 2 mm pixel) and was 
interpolated to 256 x 256 pixels for display. Postcontrast images 
were obtained using these pulse sequences after orogastric infusion 
of 10 ml of MAM (80 mg MAM/I) immediately and at 15 min for up to 
1 hr after contrast administration. Images were also acquired before 
and after orogastric infusion in one rabbit using 15 ml of Gd-DTPA (1 
mmole/!) with a TR of 500 msec and a TE of 18 msec. Comparison 
of identical anatomic levels before and after contrast administration 
was made by each of the authors, with subjective adjustment of 
window and level settings of each image. 

A 20-kg dog was anesthetized with IV pentobarbital (50 mg/kg), 
and endotracheal intubation and orogastric intubation were per- 
formed. Precontrast images were obtained as described in the pre- 
ceding section, and postcontrast images were obtained at 15-min 
intervals over a 4-hr period after orogastric administration of 40 mi of 
MAM solution (250 mg/l). 


Results 


In saline solutions, settling of MAM occurred rapidly. How- 
ever, MAM remains in suspension in methylcellulose for sev- 
eral hours after preparation, and stability in suspension, al- 
though not quantitated, was inversely related to concentration 
of MAM. Light microscopy showed that the particles remained 
well dispersed over a period of 3 hr. The microspheres 
maintained their structural integrity over the course of 24 hr 
at a pH range of 2 to 9. The albumin microspheres resisted 
proteolysis at high physiologic concentrations of trypsin over 
the course of 24 hr (Fig. 1B). Some small aggregates of 
microspheres are seen, but this should not affect the magnetic 
susceptibility or efficacy of the agent. Thus, the clinical utility 
of MAM should not be limited by its structural integrity, as 
suggested by previous in vitro studies [4]. Dispersion of the 
agent should be accomplished just before its use. 

Radionuclide imaging studies of oral °°"Tc MAM suspen- 
sion in two rats and one rabbit show passage of activity 


Fig. 1.—A, Electron micrograph 
shows relative uniformity of micro- 
spheres. Divisions on bar represent 1 


2 um [3]. 
B, Magnetite albumin microsphere 
suspension, 24 hr after incubation in 2 
mg/dl trypsin, pH 8.5. Light microscopy 
shows no proteolysis or degradation of 
microspheres. Some small aggregates 
of microspheres are present. 
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through the gastrointestinal tract and no other activity outside 
the gastrointestinal tract to suggest absorption or degradation 
of MAM suspension. 

Serial dilutions of MAM show a marked reduction in T2 
with minimal T1 effect over a wide range of concentrations 
(Fig. 2). At a concentration of 10 mg MAM/I, there was a 70% 
reduction in T2 but only a 10% reduction in T1. Maximum 
measurable reduction in T2 occurred at a concentration of 
250 mg/l, producing a 99% reduction in T2. The transverse 


Relaxation 
Rate 


mg MAM/liter 
Fig. 2.—Relationship of T1 and T2 relaxation rates to concentration of 
magnetite albumin microspheres (MAM) (mg MAM/I methylcellulose sus- 
pension). Three measurements were averaged per data point. Note the 
predominance of the T2 effect over a wide range of concentrations. 
Squares = 1/T2; circles = 1/T1 x 10. 
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relaxation rate was as much as 40 times the longitudinal 
relaxation rate, a result that is markedly discrepant from the 
parity of these rates as expressed by the Bloembergen- 
Solomon equations [5]. The T2 effect at higher concentrations 
exceeded the measurable resolution of our spectrometer. 
MR imaging studies showed a marked decrease in stomach 
and bowel signal intensity after orogastric administration of 
MAM suspension in both dog (Fig. 3) and rabbit (Fig. 4) 
experiments. This is apparent on moderately T1-weighted 
and T2-weighted images. Definition of visceral wall was better 
made with the short-TR/short-TE sequence. Signal intensity 
appeared low in small bowel. The colon was not affected over 
the short time course of the study in the dog experiment, but 
a decrease in colonic and rectosigmoid signal was seen in the 
rabbit experiments. Gd-DTPA solution increased intraluminal 
signal on T1-weighted images. Although proximal bowel sig- 
nal was similar to that of fat, definition of bowel margins and 
differentiation from retroperitoneal and intraperitoneal struc- 
tures was possible in this single experiment. Intraluminal 
signal increase was less marked in the distal small bowel. 


Discussion 


There is a strong need at the present time for the devel- 
opment of an effective MR gastrointestinal contrast agent. 
The clinical use of MR for imaging the retroperitoneum and 
pelvis is limited by the difficulty encountered in distinguishing 
various nonspecific masses representing normal or abnormal 
findings. 

There are several problems that must be overcome in order 
to develop an effective MR gastrointestinal contrast agent. A 
useful agent must be nontoxic, nonirritating to the gastroin- 
testinal mucosa, stable enough to tolerate wide ranges in pH 
and the effect of digestive enzymes, and potent enough to 
be effective either when diluted by 500-1000 ml of salivary, 


Fig. 3.—Transverse sections 
through upper abdomen of a dog. 

A, Precontrast images. Stomach (S), 
spleen (Sp), liver (L). Note that the mar- 
gins of liver and spleen are not easily 
separated from bowel. SE 1000/60 se- 
quence. 

B, Image obtained 30 min after oro- 
gastric magnetite albumin microsphere 
administration (250 mg/l!) shows loss of 
signal in stomach and proximal small 
bowel. Spleen (Sp) and liver (L) are 
seen as distinct structures with rela- 
tively high signal. SE 600/32 sequence. 
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gastric, pancreatic, biliary, and intestinal secretions or when 
concentrated by 90% due to fluid absorption in the distal 
small bowel and colon [6]. The agent should be inexpensive 
enough to be used in the large quantities needed to fill the 
bowel. Finally, the agent should permit the reliable distinction 
between bowel loops and various other masses on either T1- 
or T2-weighted pulse sequences. 

Studies to date have been limited to several paramagnetic 
(Geritol, FeCl3) and nonparamagnetic materials (mineral oil) 
[7-9]. At very low concentrations, these agents have minimal 
effect, whereas at high concentrations paramagnetic agents 
actually produce signal loss due to T2 shortening. This con- 
centration dependence limits the usefulness of paramagnetic 
substances as oral agents, since varying levels of concentra- 
tion and dilution, and hence signal intensity, occur at different 
levels in the gastrointestinal tract. 

We examined a new class of superparamagnetic particulate 
iron oxide (magnetite) suspensions that have a stronger mag- 
netic-susceptibility effect than paramagnetic materials and 
have the unique effect of marked T2 reduction. The form of 
magnetite we used consisted of particles less than 350 A. 
These particles possess a very large magnetic moment in the 
presence of an external field, with a low remenance or residual 
magnetization when the field is removed. The large magnetic 
moment results in spoiling of local field homogeneity, and 
diffusion of protons through this inhomogeneous field presum- 
ably results in more rapid T2 relaxation [3, 10]. Since this 
effect probably does not depend on close proximity of the 
agent and water protons, in contrast to paramagnetic effects, 
encapsulation of the magnetite in microspheres does not 
significantly reduce the T2 relaxivity of this agent. The super- 
paramagnetic character of these particles, with a low residual 
magnetization, prevents clumping of microspheres once they 
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Fig. 4.—Transverse images through 
mid abdomen of a rabbit, before and 
after orogastric administration of mag- 
netite albumin microspheres (80 mg/l). 
SE 2000/60 sequences. 

A, Precontrast image shows moder- 
ate signal intensity of stomach (S) and 
small bowel (sb). Right kidney (RK). 

B, After magnetite albumin micro- 
sphere suspension, there is decreased 
intraluminal signal in multiple small- 
bowel loops and stomach (white ar- 
rows). Residual solid matter in stomach 
is unaffected (black arrow). 


are exposed to an external magnetic field; this would not be 
the case with larger, ferromagnetic particles. 

We have previously demonstrated marked T2 reduction 
after IV MAM administration in the liver [5, 6] due to uptake 
of this particulate agent by the reticuloendothelial system. 
The T2 reduction manifests itself as a marked reduction in 
Signal intensity. This effect can be seen on both T1- and T2- 
weighted images, but is more pronounced on T2-weighted 
images. Using this agent in the gastrointestinal tract, we found 
that signal from bowel lumen can be reduced or eliminated 
on both T1- and T2-weighted pulse sequences. In contrast to 
paramagnetic agents, when imaging with conventional pulse 
sequences, there is no point at which the effects of T1 and 
T2 cancel each other out to render the agent ineffective. 

Since bowel loops often are surrounded by fat, reduction 
of intraluminal signal from bowel loops by MAM permits them 
to be readily identified. Furthermore, since motion artifacts 
increase in proportion to the amount of signal arising from a 
moving structure, MAM may result in a reduction of peristaltic 
motion artifacts. Also, in contrast to paramagnetic agents, 
which are generally ineffective beyond the proximal small 
bowel owing to dilutional and pH effects [11], MAM may be 
more effective distally because of its greater potency. The 
ability to resolve bowel wall with superparamagnetic suspen- 
sions may result from the increase in signal contrast between 
bowel wall and lumen after MAM administration; this is ap- 
parent with even short TR and TE pulse sequences and 
allows for increased signal-to-noise ratios and decreased 
motion artifacts. 

By using double labeling of Fe®° and |'*' microspheres, we 
have shown that the albumin carrier of MAM is stable in vitro 
and in vivo [4]. In this study MAM appears resistant to the 
digestive process on the basis of in vitro tolerance of proteo- 
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lytic enzyme exposure and pH; this has been confirmed by 
technetium NAM radiolabel studies in vivo. Exclusion of trace 
iron absorptian will require additional, Fe? radiolabel studies 
in vivo. Cherrical cross-linking or heat-hardening of the albu- 
min matrix can further stabilize MAM and decrease the likeli- 
hood of abserption. Short-term suspension in solution has 
been accompished and long-term stability of the particies has 
been documented previously. Adverse effects of oral iron 
administration include gastric irritation, nausea, and diarrhea, 
and constipation, and these are primarily a function of the 
absorbable iron per dose, with ferrous iron accounting for 
most absorption in humans. The form of particulate iron used 
in this preliminary study should not be absorbable. The os- 
motic load.of suspension in the concentrations evaluated in 
this study micht cause diarrhea, but the potency of the agent 
should allow for use of fewer particles. if necessary, this could 
be accomplisaed by using gradient-echo techniques, which 
appear more effective in imaging magnetic susceptibility ef- 
fects [12]. 

The resulte of this preliminary study suggest that oral 
magnetite solutions, particularly magnetite microspheres, are 
effective as MR gastrointestinal contrast agents. If toxicity 
studies and farther absorption studies confirm MAM to be 
safe, then superparamagnetic agents eventually may have an 
important clinical role as gastrointestinal MR contrast agents. 
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Memorial 





Leslie H. Osmond, 1905-1987 





Leslie H. Osmond of Pittsburgh died on 
February 21, 1987, in Silver Spring, MD, after 
a long illness. He was born in Chardon, OH, 
in 1905, nephew and cousin of radiologists 
(the John Osmonds, Senior and Junior, the 
elder of whom was his early mentor). 

A 1930 graduate of Western Reserve Uni- 
versity School of Medicine, he interned in 
medicine and pathology at Cleveland City 


Hospital. His radiology training was received 
at the University of Pennsylvania under Drs. 
Pancoast and Pendergrass. He was certified 
by the American Board of Radiology in 1935. 

Dr. Osmond was a radiologist in Pittsburgh 
for 50 years. From 1934 to 1952, he was 
chief of radiology at Saint Francis General 
Hospital and associate professor of radiology 
at the University of Pittsburgh Medical 
School. When he left Saint Francis, during 
the struggle for autonomy many older radi- 
ologists will remember, radiology lost a mas- 
ter teacher. 

From 1952 to 1985, he shared a private 
practice in radiology with Samuel G. Hender- 
son and Eva S. Carey and was attending 
radiologist at the Leech Farm Veterans Ad- 
ministration Hospital and the Podiatry Hos- 
pital of Pittsburgh. 

Politically active in medical affairs, he was 
a past president of the Pennsylvania Radio- 
logical Society, receiving its award of special 
merit in 1970. A fellow of the American Col- 
lege of Radiology, he was also a member of 
the American Roentgen Ray Society, the Ra- 
diological Society of North America, and the 
American Medical Association. 

About his boyhood on his father’s farm, 
he once said, “I had been raised on a steady 
diet of work.” He demanded no more of his 
residents than of himself, and his wisdom, 
curiosity, and integrity made radiology the 


most challenging of specialties. At age 34 he 
had a cervical spinal cord tumor removed, 
which left him with a permanently paralyzed 
right arm and increasing weakness in his right 
leg, handicaps that he accepted with stoic 
disregard. His fluoroscopic examinations 
were models of perfection. One winter, using 
a dental drill in his left hand, he spent many 
evenings separating the various bones of a 
skull to identify their component shadows, 
work later continued by Dr. Louis Etter. 
Among Dr. Osmond’s interests were neuro- 
radiology and industrial diseases of the lungs. 
His standards of excellence were seldom 
equaled, and to the end of his long life, he 
kept informed and enthusiastic about the 
advances in radiology, no matter where fate 
chose to place him. 
He loved a good cigar, a poker game, and 
a joke, and, above all, he loved his family. His 
first wife, Florence, died in 1968; his second, 
Peg, in 1977; and his son, Leslie, Jr., in 1981. 
He is survived by two daughters, Sally Gilbert 
and Nancy Hatfield; two sons, Robert and 
Richard; a sister, Ruth Hawkins; a sister-in- 
law, Jean Adams; a cousin, Dr. John D. Os- 
mond, Jr.; and 13 grandchildren. He leaves 
them a proud heritage. 
Anne H. Rush Cook 
New Florence, PA 15944 
John D. Osmond, Jr. 
Naples, FL 33940 
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Currently, ventilators are contraindicated for use around 
magnetic imaging devices |1, 2]. The strong magnetic field 
could interfere with both mechanical switches and micropro- 
cessors used to control most ventilators. Ventilators that 
contain ferromagnetic components cannot be placed close to 
the magnet [1, 2]. Finally, concerns have been raised that the 
ventilator might prevent proper function of the imaging sys- 
tem, leading tc suboptima’ performance [1]. Recently, we 
have successfully performed MR imaging studies of ventilator- 
dependent patients by using a 1.5-T imaging system and a 
Siemens-Elema 900C (SV-300C) ventilator placed adjacent 
to the magnet bore. 


Methods, Materials, and Results 


The respirator system consists of a Siemens-Elema (Iselin, 
NJ) 900C ventilator placed within the imaging room. This is a 
volume/pressure—controliec, time-cycled ventilator that can 
be used for intensive care and anesthetic ventilation for 
patients ranging from neormates to adults. The functions of 
the ventilator are controlled through analog signals, without 
digital processing requirements. The one limiting factor in this 
ventilator is the expiratory/positive end-expiratory pressure 
(PEEP) valve, which is a scienoid-type valve. This valve may 
be affected by the magnetic field if it is placed closer than 4 
ft (1.2 m) from the magnet. A 12-ft (11-m), low-compliance 
pediatric circuit connects the ventilator to the patient's en- 
dotracheai or tracheostomy. tube (Fig. 1). 
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Technical Note 





aging of Ventilator-Dependent Patients: Preliminary 


Thus far we have used this system successfully to image 
nine ventilator-dependent patients, the smallest weighing 18 
kg, including those requiring PEEP, synchronized intermittent 
mandatory ventilation (SIMV), pressure-supported ventilation 
(PSV), and continuous positive airway pressure (CPAP) 
breathing. Physiologic measures of ventilatory function, in- 
cluding flow and pressure curves, airway pressures, and 
ventilatory volume, have remained constant during MR im- 
aging. 

Thus far we have not observed any subjective deterioration 
in image quality in MR studies of ventilator-dependent patients 
or in quality as assessed by studies of phantoms performed 
with the ventilator system in operation. 


Discussion 


Previous efforts have been made to perform MR imaging 
in patients or experimental animals requiring ventilatory sup- 
port [1-3], but these usually have required special “in-house” 
designs or modifications of existing equipment [2, 3]. In 
addition, previously designed systems have used T-piece 
occluders or three-way valves adjacent to the endotracheal 
tube [2, 3] to eliminate the expiratory limb of the ventilation 
circuit. This practice leads to imprecise control of ventilatory 
volume and positive end-expiratory pressure. 

Attempts to place the ventilator at a long distance from the 
magnet, beyond the external shielding, leads to a large in- 
crease in the compressible gas volume and unacceptable 
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outlet 


unit. 
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variation in the delivered tidal volume when changes occur in 
total thoracic compliance or airway resistance. This could 
lead, in turn, to hypoventilation of the patient. In addition, 
rebreathing of carbon dioxide may occur if the expiratory limb 
is longer than the patient's tidal volume, especially during 
spontaneous breathing modes like SIMV; PSV, and CPAP 
breathing. Reducing the volume of compressed gas by de- 
creasing the diameter of connecting tubes increases resis- 
tance to expiratory gas flow, resulting in increased lung 
volume, which may lead to a decreased cardiac output [2]. 
The Siemen’s ventilator system described herein is com- 
mercially available, requires no special in-house modification, 
and can be used close to high-field-strength MR imagers. The 
system provides full-function ventilatory support, allowing 
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Fig. 1.—Ventilator system for MR imaging at 1.5 T. 
A, Siemens Servo ventilator placed on nonferrous cart 4 ft (1.2 m) from MR imaging 


B, Diagram of ventilator system. Ventilation circuit uses 12-ft (11 m) pediatric 
connecting tubes. PEEP = positive end-expiratory pressure; pat. = patient; ID = internal 
diameter. 


precise control of both pressure and volume. At present, 
respiratory parameters are being monitored by a respiratory 
therapist in the imaging room; however, we Currently are 
testing a fiber-optic-coupled remote monitoring system. Use 
of this system can increase the number of patients for whom 
magnetic imaging can be performed safely. 
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A Digital Radiology Imaging 
System: Description and Clinical 
Evaluation 





We have successfully interfaced an advanced microcomputer system to a 47#-cm 
image intensifier for direct digital radiology. Our development effort has included the 
design and construction of hardware and the implementation of software. The system 
matrix (spatial resolution) is 1024 x 1024 and contrast resolution is 8 bits deep. A 
receiver-operator-characteristic analysis comparing conventional and digital laser chest 
radiographs for the detection of lung nodules demonstrated no statistical difference. 
Dosimetry measurements identified decreased patient dose. 

The intensifier-based digital imaging system is being increasingly used for a variety 
of examinations including IV pyelograms, all kinds of barium studies, and skeletal, 
trauma, and chest studies. Hard-copy laser-printed digital images with “bones black” 
are preferred by the radiology staff and have been well accepted by referring clinicians. 


Clinical interest in the use of digitally formatted images and imaging equipment 
has increased significantly over the past few years [1-11]. Recent improvements 
in the design of X-ray image intensifiers and television cameras [12-15], in 
combination with sophisticated microcomputer systems, offer the opportunity to 
expand the role of image intensifiers into digital radiography. We have develaped 
and are operating a digital imaging system using a 47-cm image intensifier/high- 
resolution video system interfaced to an advanced microcomputer acquisition and 
display system. The system has been designed to acquire, display, and network 
(16, 17] high-resolution (1024 x 1024 x 8 bits) digital images (Fig. 1). 

Details of the image intensifier and our digitizing system are presented. Digital 
laser printers have been directly interfaced onto our digital network for all hard- 
copy generation. Total system performance has been evaluated using receiver- 
operator-characteristic (ROC) curves. Dosimetry measurements have been per- 
formed. Methods and results are documented. Our experiences after 2 years of 
clinical use are discussed. 


Materials and Methods 


The radiographic/fluoroscopic room nas two X-ray tubes (Stereolix, Siemens, Iselin, NJ), 
one mounted on the floor beneath the table and the other suspended from the ceiling. The 
X-ray generator (Polydoros, Siemens) uses a high-frequency, high-voltage circuitry that affords 
accurate exposure factors and energy subtraction imaging, if desired. The intensifier system 
(Optilux, Siemens) offers three image field sizes of 47, 40, and 33 cm [18]. The television 
camera (Videomed H, Siemens) uses 1023 scan lines at 60 Hz. Thus, spatial resolution based 
on a matrix of 1024 x 1024 pixels is possible for any field size. The system provides a choice 
of either progressive (sequential) or interlaced scanning by the TV camera. The uss of 
progressive TV scanning gives a higher signal-to-noise ratio on the output of the TV camera 
than interlaced TV scanning. In addition, progressive scanning results in more efficient dose 
utilization. 

The desired image from a frame of the television camera is digitized by the high-resolution 
TV digitizer (Digistore, VAS-Matrix, Torrance, CA) (Fig. 1). The analog-to-digital (A/D) conver- 
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Fig. 1.—Diagram shows major components of image intensifier/microcomputer digital imaging system. 


sion rate of the digitizer is 40 mHz (40 x 10° samples/sec, 8 bits/ 
sample). Acquired digitized images are stored in one of two individual 
image memories. Once the digitized image is stored in memory, it is 
directly converted to analog video information (D/A) for instantaneous 
review on technology-specific monitors. The image, now in an analog 
format, can be edge-enhanced as desired using the Spatial Frequency 
Filter (Siemens) video unit. Video enhancement is achieved with 
unsharp masking using a scanning-beam, focus-controlled, vidicon 
Storage tube. The enhanced image is returned to the digitizer, re- 
digitized, and sent to the network for presentation on the network 
display and/or archiving. The digitizer contains a Winchester disk, 
which provides temporary storage for up to 100 digitized images. 

On command of the network microcomputer, the desired digital 
information is transferred from the VAS digitizer to a 689-megabyte 
Winchester disk. This large-capacity disk connects the digitizer with 
the microcomputer system and provides for intermediate image stor- 
age. The microcomputer system (Fig. 1) uses a Motorola 68010 
central processing unit (CPU) operating at a clock speed of 10 mHz 
(Heurikon, Madison, WI). Up to 12 cathode-ray tubes and/or printers 
can be connected to the system. The operating system is UNIX V 
(AT&T Bell Laboratories, Holmdale, NJ) and provides both multitask- 
ing and multiuser capabilities. All of the software is written in C, 
Pascal, Fortran 77, or Assembler language. 

The high-resolution network display station (Ramtek 9460, Sun- 
nyvale, CA) provides a matrix of 1280 x 1024 and contrast resolution 
of 16 bits. It is controlled by its own internal Motorola 68000 micro- 
computer system. Software has been developed to allow the digitized 
images to be viewed and manipulated with “bones white,” “bones 
black” (video display signal is inverted), or in color. Matrix, 3M 
(Minneapolis, MN), and Kodak (Rochester, NY) laser film recorders 
have been interfaced digitally via the microcomputer’s MULTIBUS 
onto our digital network for generating analog hard-copy images. The 


laser film recorders can accommodate multiple film sizes. The 3M 
camera writes the image onto film using a solid-state diode laser. 
Both the Kodak and Matrix laser film cameras use a helium-neon 
laser for generating the latent image. All films are developed using 
standard film processors. Resolution of the entire digital system 
approximates 1.8 line pair/mm (Fig. 2). 

The output of all image intensifiers is circular. Because of the 
rectangular shape of human chests and abdomens, many of our 
digitized images, particularly those of chests, used only 500-600 TV 
camera scan lines from side to side. The potential horizontal resolu- 
tion of 1023 scan lines was not being used. The target area of the 
TV camera was adjusted so that the video image was overframed 
(Fig. 3). The use of overframing and careful positioning of the patient 
by the technologist now provides an average of 950 scan lines across 
a digital chest image. The high-resolution digitizer maps the 1023 TV 
scan lines into the 1024 x 1024 x 8 bit digital matrix. 

Dosimetric measurements for our digital system were made using 
a Rando chest phantom (Alderson Research Laboratories, Stamford, 
CT). Upright exposure determinations at a focus-film distance of 72 
in. (180 cm) were achieved for all three field sizes. Measurements 
were made for the progressive TV scan mode using an MDH meter 
(Radco Corp., model 1015, Monrovia, CA). To ensure equivalent 
image quality for the different field sizes, a single similar row of 
reference pixels was identified in the middle of the phantom image. 
Exposure factors were changed for each field size until the values 
registered by the row of pixels were within 3%. We used 90 kVp for 
all measurements. 

Thirty patients, 15 normal and 15 with a solitary lung nodule as 
determined by CT of the chest, were selected for ROC analysis study. 
Nodule size ranged from 6 mm to 2.5 cm. Four of the nodules were 
calcified. Each patient had a conventional upright posteroanterior 
chest examination at 148 kVp and a digital upright posteroanterior 
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Fig. 2.—Photograph of a resolution wedge for 
entire digital system using 34-cm field size is 
recorded with a laser film printer. Resolution 
wedge was radiographed, imaged by the image 
intensifier, digitized, and recorded on a laser 
film printer. 


Circular Output Window of 






Image Intensifier Tube 


Overframed Window on Target 
of Television Camera 


Fig. 3.—Usually, the square target of the TV camera is outside the 
circular output of the image intensifier tube. Overframing the TV camera 
brought the square TV camera target area, and its 1023 scan lines, just 
inside the circular output of the image intensifier tube. Since patient’s 
chest fits into the square better than the circle, the use of pixels was 
significantly improved. 


chest examination at 110 kVp within minutes of each other. Edge 
enhancement was used for all the digital chests. The digital exami- 
nations were recorded using a Matrix laser film printer on AGFA 14 
x 17 in. (35 x 43 cm) laser film (AGFA-GEVAERT REX, Inc., White 
Plains, NY) with a one-on-one format. The laser printer recorded all 
8 bits. Seven senior staff radiologists interpreted the 30 conventional 
chest radiographs and the 30 digital chest radiographs. The 60 
radiographs were randomly mixed on a film alternator. The radiolo- 
gists evaluated each radiograph on a scale from 1 to 5. A “5” was 
definitely abnormal (defined as a lung nodule with a diameter larger 
than 0.5 cm) a “4” was probably abnormal, a “3” was possibly 
abnormal, a “2” was probably normal, and a “1” was definitely normal. 
Every radiologist completed the study in 12 min or less. The re- 
sponses from the seven radiologists were entered into a computer 
program and the ROC analysis was generated [19]. 


Results 


The origiral image intensifier field sizes were set at 57, 47, 
and 34 cm. After completing 300 chest examinations, we 
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found that the 57-cm field size was never used. By changing 
the voltages on the electronic lens of the image intensifier, 
the 57-cm field size was reduced to 40 cm. After performing 
nearly 1000 chest examinations on the current system, we 
have found that the chests of 90% of all adults can be imaged 
on the 40- or 34-cm field size. Ten percent require the 47-cm 
field. The 47-cm field is not required for any other examination. 

Upright dosimetric measurements identified an entrance 
dose of 28.7 mR for the 47-cm field, 45.0 mR for the 40-cm 
field, and 69.0 mR for the 34-cm field. Tabletop examinations 
were simulated using a focus-film distance of 68 in. (170 cm). 
Again, a single row of pixels centered on the phantom image 
was used to guarantee image density variations of less than 
3%. The measured entrance dose was 78.9 mR for the 47- 
cm field size, 103 mR for the 40-cm field size, and 138.3 mR 
for the 34-cm field size. 

The ROC analysis (Fig. 4) shows little statistical difference 
in the radiologists’ responses, whether they were reading 
conventional chest radiographs or 1024 x 1024 laser-printed 
digital radiographs for the detection of lung nodules. The 
upper and lower bounds illustrated by the bars in Figure 4 
identify the diagnostic confidence range associated with 95% 
accuracy. 


Discussion 


Hard-copy image recording was an initial problem. The 
video film recorder generated two images on one film using 
signals from the TV camera or the network Ramtek display. 
Because of the interlaced video signals and the four-to-three 
aspect ratio of the network monitor, patient image recordings 
were small and distorted. These problems were corrected 
with laser film printers. Matrix, 3M, and Kodak printers, ca- 
pable of recording the full dynamic range contained in the raw 
digital image data, have been installed with digital-to-digital 
interfaces. The one-on-one 14 x 17 image format has proved 
to be most acceptable for digital chest examinations. Other 
multiformats are possible. 

Patients can have multiple upright or tabletop digital ex- 
aminations in one room. The large size of the image intensifier 
provides full anatomic coverage for all studies. Examinations 
are performed quickly and without moving the patient. Patient 
throughput is actually accelerated since the patient can be 
centered easily by momentarily using the fluoroscopic capa- 
bility. Repeat examinations are rare. Radiation exposure to 
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S 


Fig. 5.—Digital image from a double-contrast barium enema recorded 
on laser fiim shows excellent mucosal detail. 





A 


Fig. 6.—A, Digital laser chest film shows multiple blebs involving both lungs medially. Many of the thin bleb walls are easily identified. Chest is well 


penetrated. 


B, Digital laser chest film reveals 1.5-cm mass adjacent to left hilum (arrow). There is left hilar adenopathy that could not be separated from pulmonary 


vessels on conventional chest film. 


the patient is reduced by 25-40%, depending on the exami- 
nation and the field size used. Imaging parameters for the 
digital intensifier system and digital display parameters can 
be independently optimized to produce the best possible 


direct digital image. Ordinarily suboptimal images can be 
adequately displayed and subsequently photographed using 
the laser printer. The laser printer can produce multiple “cop- 
ies” rapidly. This has proved helpful for outpatients and in 
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Fig. 7.—Digital laser radiograph reveals multiple fracture fragments. 
Patient was not moved from digital system table and had many examina- 
tions. 


situations where multiple-copy film might otherwise be re- 
quired. The desired raw digital data can be transmitted and 
stored on the department network. 

Clinical acceptance of digital images was initially reserved. 
However, since the overframing capability was achieved and 
high-quality one-on-one laser-printed film images became 
available, the clinical acceptance has been good. The digital 
image intensifier system is routinely used for various barium 
studies (Fig. 5), IV pyelography, chest radiography (Figs. 6A 
and 6B), and skeletal examinations. The room is particularly 
useful for trauma patients (Fig. 7). An ongoing clinical evalu- 
ation comparing conventional chest examinations with direct 
digital chest examinations has shown that the current digital 
system configuration results in satisfactory examinations. In 
many instances, “bones black” digital images are preferred 
by both clinicians and radiologists over the more conventional 
“bones white” images. Windowing affords detailed examina- 
tion of such cifficult areas as the hila, retrocardiac and sub- 
diaphragmatic regions, and lung obscured by bone. 

Extensive studies documenting the trade-offs between spa- 
tial resolution and contrast resolution (the content of the entire 
imaging system, the content of the network display, and the 
content of the laser image) are ongoing. Initial studies in our 
department comparing conventional chest radiographs with 
digitized chest examinations (the conventional analog image 
is digitized using a laser printer) indicate that spatial resolution 
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for direct studies is diagnostic at 1024 x 1024. Digitized chest 
images of 2048 x 2048 frequently exceed the diagnostic 
quality of conventional chest film. 
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Evaluation of Dry Silver Ha 
Copies in Digital 
Radiography 





Diagnostic images produced by digital technologies are viewed on video terminals. 
Hard copies are subsequently made on film for use by radiologists and referring 
physicians. An alternative is to make prints on paper using “dry silver” technology. 
These prints are made by a camera that uses silver-coated paper. The paper is 
developed as it exits the camera and passes over a heating element. Thus dry silver 
paper is processed “dry,” whereas standard film or print paper is processed in a 
chemical bath. The prints are viewed by reflected rather than transmitted light. We 
compared the diagnostic quality of the dry silver prints with that of conventional 
multiformat, transmitted-light images. Radiologists were asked to make diagnoses from 
both types of images. The results showed that the diagnoses made from the prints were 
identical to those made from the films. Furthermore, when the images were labeled with 
the diagnosis, there was no difference between the two formats in the information 
conveyed to the referring physician. 

We conclude that dry silver, reflection prints can provide an inexpensive, convenient 
method of making visual information available on patients’ charts. 


Hard copies made from digital images are used by radiologists, by reverring 
physicians, and for storage in medical records. We have investigated alternatives 
to hard copy made on conventional transparency film by a multiformet camera. 
This study involves a comparison of digital images printed on both film and dry 
silver paper. 


Materials and Methods 


Digital subtraction images were used because a single image can display enough infor- 
mation to allow the radiologist to make a specific diagnosis. Images were produced by using 
a digital vascualar system (Picker international, Highland Heights, OH). All images were 
obtained and displayed in the 512 x 512 matrix mode, which allows images to be transferred 
to the dry silver imager. The image windows and levels were manipulated until a raciologist 
judged that they were optimal. 

Dry silver paper (catalogue #98-0439-4410-1, 3M, St. Paul, MN) was used in a 3M Dry 
Silver Imager (Model VA 340). Processing time was 11 sec/image. The images produced 
were 71 x 95 mm and had a spatial resolution in excess of 150 ip/mm, so that the resolution 
limit was determined by the camera lens (approximately 100 1p/mm). The Matrix multiformat 
camera (Model 130 Multi-imager 7 Matrix Instruments, Orangeburg, NY, using 3M CRT7C 
film) was used. To ensure that the evaluations of the images would not be influenced by 
image size, the 6 on 1 mode using 8 x 10 in (20 x 25 cm) film was chosen to produce an 
image size of 90 x 90 mm. This involved no compromise in the spatial resolution of the 
imaging system. The Society of Motion Picture and Television Engineers (SMPTE} test pattern 
[1] was imaged in both cameras and showed the high-contrast, high-resolution line pattern 
to be clearly imaged in its entirety. This pattern corresponds to approximately 3.5 Ip/mm at 
the image plane. However, the dry silver reflection image does not exhibit as wice a range of 
densities as the film transmission image does. This was quantified using the ow-contrast 
section of the test pattern, which contains gray-scale patches varying from 0% to 300% in 
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increments of 10% of the signal level. The optical densities of these 
patches were then measured using a Calibrated densitometer (Nuclear 
Associates, Carle Place, NY) for the film image. Since an accurate 
reflection densitometer was not available, the paper image was 
digitized using a video camera and microcomputer digitizer (Matrox, 
Dorval, Quebec). The result of this process was a series of pixel 
values representing the brightness of the Steps of the test pattern. 
The same system was used to produce pixel values from a Kodak 
(Rochester, NY) calibrated step wedge. This allowed calibration of 
the pixel values so that they were linear in brightness but not accurate 
on an absolute scale of reflectance values. 

In addition to the copies of the subtracted images, an additional 
pair of copies was produced for each case upon which a label had 
been superimposed. This label specified the radiologist’s diagnosis 
and indicated the area of abnormality on the image with a broken 
line. Figure 1 shows a set of four such images. Twenty sets of images 
were collected. These images were shown to four radiologists over 
a period of several weeks. Each radiologist was first shown the dry 
silver images (all the images without labels and then the images with 
labels); then at a second session, they were shown the film images. 
For the unlabeled images, the radiologist was asked to indicate his 
or her confidence level in making a diagnosis on a scale of —2 to +2, 
where —2 implied the diagnosis could not be made and +2 indicated 
absolute confidence in the diagnosis. When shown the labeled im- 
ages, the radiologist was asked to indicate his or her confidence, 
using the same scale, that the diagnosis and the information required 
to make that diagnosis could be communicated to a referring physi- 
cian by using that image. 


Results 


The contrast range of an image is an important test of the 
recording capability of the imaging medium. Figure 2 shows 





Fig. 1.—Four presentations of one image used in this study. Image quality of two 
reproduction media and labels used for referral copies are shown—film (A) dry silver (B), 


labeled film (C), and labeled dry silver (D). 
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the gray-scale range of both recording systems with density 
for the film and brightness for the paper plotted vs percentage 
signal level. It can be seen from this figure that while the film 
exhibited all the gray levels in the pattern, the paper image 
could not show appreciable differences between the two 
highest patches in the pattern. 

Before each imaging session, the SMPTE test pattern was 
imaged. Figure 3 shows one particular pair of these images. 
This particular pair is shown because a processor problem 
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Fig. 2.—Contrast variations in images of a test pattern for film 
(x's on curve A show density values) and dry silver (o’s on curve B 
show relative brightness) vs the % signal level in the pattern. 
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Fig. 3.—Test pattern recorded from digital data on dry silver paper (A) and on film (B). Drift of multiformat camera settings rendered accompanying 


clinical images unusable for diagnosis. 


a 100% sA 
w a 
Qu a 
ae 80 ————— 
oe 
z 
a 
= 
~i 60 
az 
26 
DZ 
z= 40 
wg 
> *-—-* DIGITAL DS 
Fo so @-—-@ DIGITAL FILM 
aw 
>> 
zo 
20 
o< o 





2 1 o -1 -2 
<æ CONFIDENCE LEVEL 


Fig. 4.—Average cumulative number of images (%) above various 
levels reflectingsconfidence level of physician in diagnosis from either 
multiformat film image or dry silver (DS) image. A confidence level of 
+2 indicates that diagnosis can be made with absolute confidence, 
whereas —2 implies that a diagnosis cannot be made from that image. 


caused the film images to be unusable on that day. The 
immediate presentation of the dry silver images allowed any 
variations in quality to be detected, whereas several film 
images were ruined by the film processor or by an improper 
camera adjustment. 

When the radiologists were asked to make a diagnosis 
from the unlabeled images, the diagnosis made was correct 
in almost every case using both film and dry silver images. 
One exception was a pair of images in which a diagnosis was 
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Fig. 5.—Average cumulative number of images (%) above various 
levels reflecting confidence with which physician can transmit infor- 
mation on which the diagnosis is based to referring physician. Confi- 
dence level of +2 indicates that information can be transmitted with 
highest confidence, whereas —2 indicates that information is not pres- 
ent. For comparison, data are included from a previous study [3] 
obtained using 8 x 10 in. (20 x 25 cm) dry silver images (line connected 
by closed circles). 


not possible without knowledge of the area of the anatomy. 
(One radiologist who specialized in that particular anatomic 
area made the diagnosis correctly with a confidence level of 
+2). Figure 4 shows the average accumulated images (ex- 
pressed as a percentage of the total number of images) for 
which the participating physicians have a confidence level 
above the number indicated. This type of display has proved 
useful [2] in showing the results of image-quality evaluation. 
Although the film images were given slightly higher confidence 
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values, the results for film and dry silver were comparable. 

Figure 5 shows confidence-level results displayed as in 
Figure 4 for the cases in which the label was present on each 
film. The confidence levels were +1 and +2 in most cases, 
with the film slightly higher on average than the dry silver. 
Also included in this figure is a curve from a previous study 
[3] obtained with a 525-line video camera and 8 x 10 in. (20 
x 25 cm) dry silver images obtained from films on a light box. 
The results of the present study are superior to the previous 
one. 


Discussion 


in modern radiology departments, an increasing number of 
images are recorded and stored in digital format. When these 
images are available on an efficient digital work station, they 
can be evaluated directly from the video display. The digital 
information can then be stored in a central archive and erased 
from the local memory device. 

In previous studies using dry silver images [3, 4], the images 
were produced using a 525-line video camera and film images. 
In this study we compared two types of hard-copy images 
prepared from digital subtraction studies performed on a 
dedicated digital angiography system. The first type was 
made using a multiformat camera that recorded images on 
film. The second was made with a dry silver imager that 
produced prints to be viewed in reflected light. Although the 
cost per image for material is similar for the two media (about 
$0.25), the dry silver imager costs about one-fourth that of 
the multiformat camera, uses no chemicals, and requires less 
maintenance. Furthermore, the dry silver print appears in 11 
sec and does not require a technologist’s time to process. 
The radiologists made the diagnosis equally well from both 
sets of images, but they expressed slightly more confidence 
in the diagnoses made from the transmission images than in 
those made from the reflection images. Similarly, when the 
images were labeled with the diagnosis, both sets of images 
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received high confidence, but the reflection images received 
scores slightly lower than the transmission images. The con- 
fidence levels were significantly higher than those in a pre- 
vious study [3]. 

These results indicate that the dry silver reflection copies 
contained sufficient information for the radiologist to make 
the correct diagnosis in every case. However, vascular digital 
subtraction images inherently have high contrast. It is not 
certain that the same conclusion would be made for lower- 
contrast images such as those from a CT scanner. However, 
a previous study [2] evaluating videoprinter images for diag- 
nosis of CT images concluded that those images did contain 
the necessary information. It was noted in that study that the 
videoprint medium was deficient in its ability to reproduce 
contrast changes accurately, but no quantitative information 
was given and therefore inferences cannot be drawn con- 
cerning the dry silver medium discussed here. 

When the dry silver prints were evaluated for use by 
referring physicians, the radiologists decided that the diag- 
nosis and the information required to make the diagnosis 
could be communicated with a high degree of confidence. 
Although diagnoses cannot be made very well on low-contrast 
hard-copy images, these images can be used by physicians 
to communicate diagnostic information. The dry silver copy 
would provide an inexpensive, convenient image to send to a 
referring physician and could become a permanent part of the 
patient's chart. 
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Letters 





Subdivision of Vascular and Interventional 
Radiology ty Organ System 


in the articietitied “Subspecialization in Radiology: Response to a 
Need” [1] in the March 1987 issue of AJR, Dr. Taveras presented a 
strong argument for subspecialization of radiology by organ system. 
| believe that thes approach would be most difficult to apply to vascular 
and interventional radiology. 

The skills: common to all areas of vascular and interventional 
radiology, often variations of the Seldinger technique, are best learned 
and maintained by performing large numbers of studies. For example, 
percutaneous nephrostomy (genitourinary radiology) and percuta- 
neous gastresiomy (gastrointestinal radiology) require similar techni- 
cal skills, ard these skills are quite different from those required in 
noninvasive areas of radiology. Use of radiologic or sonographic 
guidance is also common to interventional procedures, and this type 
of guidance seidom is used in other areas of radiology. 

Many radiologists prefer not to perform invasive procedures. We 
have all Known residents in radiology training programs who, despite 
great effort. are not particularly adept at performing procedures. 
Radiologists who perform fewer procedures probably wouid be less 
well prepared to handle emergencies arising in the course of those 
procedures. 

Scheduling of time in the vascular and interventional laboratory is 
not as predictable as scheduling for a CT scanner or sonographic 
suite. Serious scheduling problems undoubtedly will occur if many 
different raciciogists are attempting to schedule procedures in the 
same laboratory. Equipment inventory also would be much larger. 

in summary, although subspecialization by organ system may be 
possible in most areas of radiology, | believe that the practical 
difficulties involved in subdividing vascular and interventional radiol- 
ogy by organ system will prevent its common acceptance both in 
academic radiology and in private practice. Such an approach to 
vascular ard interventional radiology would yield a lower success 
rate and a higher complication rate, with subsequent decreased 
quality of patient care and decreased acceptance of this subspecialty. 

Robert D. Halsell 
University of Texas Medical Branch 
Galveston, TX 77550 
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Reply 


Dr. Halsell has presented an argument from his point of view, that 
of a fellow training in vascular and interventional radiology. He ad- 
dresses the fact that many of these procedures require the use of 
sonography. However, | was not aware that vascular radiclogists 
were particularly adept at the use of sonography in the abdomen, 
particularly in reference to the kidneys and the abdominal organs, the 
two areas to which Dr. Halsell refers in his letter. If organ specialization 
is to be followed, then the abdominal specialists use sonography and 
learn about it more than perhaps any of the other organ-ariented 
subspecialists. The use of catheters is learned during the residency, 
and the part that is needed to use the catheters appropriately is then 
learned in the specific organ system and is usually different in every 
system. 

For instance, the instrumentation used in neuroradiologic interven- 
tional procedures is different from that used in the rest of the body. | 
note that Dr. Halsell does not say anything about the vascular 
interventional radiologist also carrying out the neuroradiolog'c inter- 
ventional procedures. 

Vascular radiology is an organ system-oriented specialty, and the 
vascular radiologist deals primarily with a fairly large group of physi- 
cians who deal with the vascular system. By the same token, abdom- 
inal (genitourinary and gastrointestinal) radiologists, working essen- 
tially as a team, deal with a group of physicians who take care of 
special problems of these organ systems, and these rad-ologists will 
become familiar with the disease processes and all of tre complica- 
tions that can arise in these organ systems. Thus, it is only natural 
that these radiologists also carry out the interventional procedures 
related to these organs. 

The concept of an interventional radiologist who does everything 
can be supported only in a relatively small environment and in a 
manner similar to a general surgeon. The general surgeon deals with 
fractures as well as abdominal and thoracic problems when no 
specialists are available to take care of these patients in tie most 
efficient and competent manner. The small hospital is the only type 
of situation in which it is justifiable to have a generalist interventional 
radiologist attend to all problems. 


Juar: M. Taveras 
Massachusetts General Hospital 
Boston, MA 02114 
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Detection of Pleural Effusion on Supine Chest 
Radiographs 


| read with interest the article on detection of pleural effusions on 
supine chest radiographs by Ruskin et al. [1] in the April 1987 issue 
of AJR. In my earlier article [2], supine radiographs of the chest were 
compared with standing erect posteroanterior and lateral radiographs 
in all instances; lateral decubitus radiographs were available for 
comparison in only a few cases [1]. | roughly quantitated effusions 
as small, moderate, or large, on the basis of the erect posteroanterior 
chest radiograph, in the following way. If minimal blunting of the 
costophrenic angle was noted on the erect posteroanterior ra- 
diograph, the effusion was quantitated as small: if effusion occupied 
the lower hemithorax but did not extend above the fourth rib anteri- 
orly, it was quantified as moderate; and if effusion extended above 
the fourth anterior rib, it was quantitated as large [3]. In both the 
discussion and Table 1 of my article, | listed approximate milliliter 
values for effusion size as small, 175-525 ml, and moderate, >525 
ml [4]. | was unable to find a previously published milliliter value for 
large effusion. These values also were based on erect posteroanterior 
chest radiographs [4]. In three instances the erect posteroanterior 
radiograph was normal, and fluid could be detected only on the erect 
lateral or lateral decubitus views, views more sensitive in detecting 
pleural effusion than the erect posteroanterior chest radiograph. 
Effusion size in these cases was listed as very small (<175 mi.). The 
Supine radiographs did not reveal effusion in any of these three 
instances, a finding similar to that reported by Ruskin et al. As 
correctly cited by Ruskin et al., my results indicated that the supine 
radiographs detected 91% of effusions classified as small (175-525 
ml) and 100% of the moderate and large effusions (>525 ml). 

The studies performed by me and by Ruskin et al. differ significantly 
in several ways. In my work, supine radiographs were compared 
primarily to erect posteroanterior radiographs. In the work performed 
by Ruskin et al., supine radiographs were compared only with lateral 
decubitus views. | provided estimates of effusion size in milliliter 
values based on previously reported data obtained from posteroan- 
terior chest radiographs. Ruskin et al. estimated effusion size based 
on distance of separation of the lung from the chest wall on lateral 
decubitus views. They provided no milliliter values and did not refer- 
ence this classification system. It is difficult to compare these two 
systems of classifying effusion size. 

The purposes of my article were to provide insight into the radi- 
ographic manifestations of pleural effusion on supine radiographs, to 
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provide an estimate of a quantitative amount of effusion that could 

be detected on supine radiographs compared with that detected on 

erect posteroanterior radiographs, and to address the limitations of 

the supine radiograph when effusion could be detected only by erect 
lateral or lateral decubitus views. 

John H. Woodring 

University of Kentucky Medical Center 

Lexington, KY 40536-0084 
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Reply 


Our day-to-day clinical experience in detecting pleural effusions on 
supine radiographs appeared to differ from the excellent results 
reported by Dr. Woodring. Cases such as the one shown in Fig. 1 
caused us to undertake our study of the ability to detect pleural 
effusions on the supine radiograph. Unfortunately, the literature con- 
tains no study that used /iving patients and accurately quantitated 
pleural effusions. The standards used by us and those used by Dr. 
Woodring may account, in part, for the difference in results. We chose 
lateral decubitus radiographs taken at the same time as the supine 
radiographs because the lateral views can be used to diagnose small 
effusions, give a truer estimate of the volumes of subpulmonic 
effusions, and differentiate scarring of the costophrenic angles from 
effusions. Dr. Woodring used an erect posteroanterior or lateral 
radiograph, which was taken 3-72 hr after the supine radiograph. 

Dr. Woodring’s study evaluated patients with known pleural effu- 
sions, whereas our study was a prospective, blinded study of supine 
radiographs (normal and abnormal). Dr. Woodring’s study addressed 
sensitivity but not specificity. The purpose of our study was to 
evaluate the presence or absence of pleural effusions. The determi- 
nation of size was a secondary consideration after it was determined 


Fig. 1.—A, Supine radiograph shows 
diffuse airspace and interstitial dis- 
ease, consistent with adult respiratory 
distress syndrome. An effusion was not 
suspected. 

B, CT scan through lung base on 
same day shows “large” symmetric ef- 
fusions. 
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whether an effusion was present. Our method of grading the size of 
pleural effusions is a reproducitle method even if it cannot be quan- 
titated in milliliters. 

in summary, we found that supine radiographs were only moder- 
ately sensitive and specific for the evaluation of pleural effusions. 

James A. Ruskin 

Jud W. Gurney 

M. Kristin Thorsen 

Lawrence R. Goodman 

Medical College of Wisconsin 

Milwaukee, WI 53226 


MR Imaging: Quantitative Tissue Characterization 
in Pancreatic Disease 


We would like to correct an error in the article by Tscholakoff et 
al. [1] in the April 1987 issue of the AJA. The authors referred to our 
preliminary results on T1 and T2 relaxation time measurements of 
the normal and diseased pancreas and stated incorrectly, "However, 
Jenkins et al. [2] reported highly significant differences in the T1 
values for pancreatic tumors and chronic pancreatitis relative to 
normal controls by use of a multipoint method.” Our relaxation time 
data indicated no significant discrimination of pancreatic tumor from 
chronic pancreatitis or normakcontrols. A significant elevation in the 
T1 results was observed, however, in those patients with calcific 
chronic pancreatitis, compared with the noncaicific chronic pancrea- 
titis group and normal subjects, suggesting a different pathophysio- 
logic basis for the two subgroups of chronic pancreatitis. Confirmation 
of these results, described in more detail with increased numbers of 
cases, has been published elsewhere [3]. 

Jeremy P. R. Jenkins 

lan Isherwood 

University of Manchester Medical School 
Manchester M13 9PT, United Kingdom 
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Reply 


We are delighted to see haw carefully Jenkins and Isherwood have 
read our article. They claim that we have misquoted their preliminary 
results on T1 relaxation time parameters for normal and diseased 
pancreas. We based our statement on the numbers in the table and 
text of their published abstract. There, they clearly state: “There is a 
highly significant difference (F = 6.16; p > 0.005) in the T1-vaiues for 
the groups as a whole. There is also a highly significant (p > 0.01) 
difference in the measured 7T1-values between those patients with 
chronic pancreatitis who exhibit calcification on X-ray CT and con- 
trolled volunteers.” 

Their final paper, which appeared in the same month as our paper 
and was not known to us, dees not confirm their preliminary results. 
Table 1 in that article shows.different numbers for cases and T1 and 
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T2 values except for pancreatic tumors. The change in their T1 
parameters between preliminary and final results is particularly dra- 
matic for acute pancreatitis. The two sets of their published data 
show that they changed their final analysis and then concluded that 
“The relaxation-time results indicated no significant discrimination 
between chronic pancreatitis and pancreatic tumor." 

We wish that somehow there would be better communication 
between workers in the same field, as it is impossible to anticipate 
other investigators’ conclusions before the conclusions are publisned, 
particularly when the conclusions are different from those in the 
printed abstract. 

Hedvig Hricak 

Ruedi F. Thoeni 

University of California, San Francisco 
San Francisco, CA 94143 


Soft-Tissue Emphysema Associated with Epidural 
Anesthesia 


We have read with great interest the article by Roberts et al. [1] 
about interstitial emphysema associated with epidural anesthesia. 
Subcutaneous emphysema after use of the “loss of resistance’ 
technique is a known, but rare, complication of this procedure. Laman 
and McLeskey [2] suggested three mechanisms for the appearance 
of air in the supraclavicular region after epidural anesthesia. In two of 
these mechanisms, air would be found in the soft tissues cf the 
lumbar region. either by getting out through an intervertebral foramen 
after filling the epidural space or by being deposited directly in the 
muscles or subcutaneous tissues during needle insertion and then 
moving cephalad. 

We previously described two cases of subcutaneous emphysema 
in the supraclavicular region and the lower thoracic wall after epidural 
anesthesia [3]. To verify the theory suggested by Laman and Mc- 
Leskey, we recently made abdominal radiographs in 27 consecutive 
patients directly after completion of a variety of operations (such as 
inguinal herniotomy, transurethral resection of the prostate, and 
various orthopedic operations) done with epidural anesthesia. 

The amount of air injected in each case did not exceed 10 mi. In 
nine (33%) of these cases we could identify air as linear radiolucencies 
adjacent to the spine or between the paraspinal muscles. In radio- 
graphs taken 24 hr later, no air was seen in eight of these cases. 
Only one case showed traces of air 72 hr after anesthesia. 

We agree with Roberts et al. that radiologists are not aware of the 
possibility that air might be found in the paravertebral soft tissues in 
patients undergoing epidural anesthesia, because under normal con- 
ditions there is no reason for taking an abdominal radiograph after 
the operation. Therefore, it is important to emphasize that this cause 
of emphysema must be considered in the differential diagnosis. 

Ariel Prober 

Mark Tverskoy 

Rebecca Sieff Government Hospital 
Safed, Israel 13100 
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Reply 


We appreciate the comments of Drs. Prober and Tverskoy regard- 
ing our paper on the frequency of interstitial emphysema associated 
with epidural anesthesia for extraocorporeal shock-wave lithotripsy. 
Their experience reaffirms that this phenomenon is a common occur- 
rence after various procedures performed with epidural anesthesia. 
Armed with this knowledge, the radiologist can easily make the 
diagnosis in the appropriate clinical setting. 

Michael C. Roberts 
Howard M. Pollack 

Mare P. Banner 

Angelina D. Castro 

Keith N. VanArsdalen 
University of Pennsylvania 
Philadelphia, PA 19104 


Below-Knee Deep Venous Thrombosis and 
Pulmonary Embolism 


We read with interest the article by Dorfman et al. [1] recently 
published in the AJR. Since 1972 it is well known that occult pulmo- 
nary embolism is a frequent condition in patients with deep venous 
thrombosis of lower limbs [2-4]. However, we disagree with the 
authors when they conclude that below-knee deep venous throm- 
bosis does not result in emboli. Although we accept the conclusion 
that below-knee thrombi are not as likely to cause mortality and 
morbidity as thrombi at or above the popliteal vein, we would treat 
some of these patients. 

We are studying prospectively the prevalence of deep venous 
thrombosis and pulmonary embolism in a series of patients admitted 
because of a hip fracture. The aim of this study is to compare two 
different regimens of prophylaxis for postoperative thromboembolism. 
We routinely perform a ventilation-perfusion lung scan on all patients 
8 days postoperatively and bilateral ascending phlebograms if deep 
venous thrombosis is suspected clinically. Lung scans are read blind 
by two separate pairs of radiologists. 

The relative effectiveness of both therapeutic regimens will be 
reported at the end of the study. Up until now, 54 patients have had 
normal lung scans, nine have had moderate-probability defects 
suggestive of pulmonary embolism, and six have had high-probability 
perfusion defects. All six patients with high-probability lung scans 
had deep venous thrombosis confirmed on phlebograms. But, unlike 
the Dorfman et al. study, two patients in this group had below-knee 
thrombosis. Our experience so far indicates that below-knee thrombi 
may be the source of pulmonary emboli. If this proves to be the case 
when our study is complete, patients with below-knee deep venous 
thrombosis should be treated with anticoagulants. 

M. Monreal 

R. Salvador 

J. Ruiz 

Hospital de Badalona “Germans Trias i Pujol” 
Universidad Autónoma de Barcelona 
Badelona (Barcelona), Spain 
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4, Monreal M, Ruiz J, Salvador R, et al. Prediction of pulmonary embolism in 
postoperative patients with deep venous thrombosis of lower limbs. Ann 
Chir Vasc (in press) 


Reply 


We appreciate the comments of M. Monreal et al. However, we 
did not state that below-knee deep venous thrombosis lacked em- 
bologenic potential. in fact, all nine of our patients with below-knee 
thrombus had abnormal (although low-probability) ventilation-perfu- 
sion scans. Therefore, without pulmonary angiography, pulmonary 
embolism could not be excluded in this group. We specifically did not 
advocate withholding anticoagulation in these patients. Our recom- 
mendations were for using ventilation-perfusion scanning to stage 
thromboembolic disease at presentation in patients with above-knee 
thrombosis. These recommendations were restricted to the above- 
knee group as this group exhibited a significant (35%) prevalence of 
high-probability scans and greater potential for long-term morbidity 
and mortality. We also believe that our data do not support the 
increased cost and radiation necessary to screen for occult pulmonary 
embolism in all patients with deep venous thrombosis. 

We are, as are Dr. Monreal et al., examining the question of deep 
venous thrombosis in hip fracture patients in a prospective manner. 
The conclusion stated in the letter by Dr. Monreal et al. is interesting 
but may not be applicable in the general population. Patients with hip 
fractures have generalized activation of circulating Clotting factors, 
venous stasis caused by bed rest, and increased venous pressure in 
the affected lower extremity by perifracture hematoma. Normal mech- 
anisms for clearing thrombi are overwhelmed. The femoral vein may 
be twisted and transiently occluded intraoperatively and 20% of 
thrombi that develop in these patients may be isolated to this area. 
Although 90% of deep venous thromboses develop in the fractured 
extremity, calf thrombi are distributed equally in both legs [1]. Venti- 
lation-perfusion scanning and venography performed 8 days after 
surgery might indeed show perfusion deficits due to emboli either 
from the isolated femoral clot or elsewhere and residual calf thrombus 
in either leg. Clearly, patients with hip fracture are quite different from 
the population we described, which was composed of ambulatory 
patients without recent pelvic or orthopedic surgery. 

Gary S. Dorfman 
John J. Cronan 
Rhode Isiand Hospital 
Providence, Ri 02902 
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Effect of Prolonged Transit on Measuring Relative 
Renal Function 


We read with interest the article by Ziessman et al. [1] validating 
the use of °°"Tc-glucoheptonate for measuring relative renal function. 
The authors showed an excellent correlation between differential 
function as calculated from early (1-3 min) and delayed (2-4 hr) 
images and, in a second group of patients, showed a close correlation 
between differential function as measured with "Tc-diethylenetria- 
mine pentacetic acid (a widely accepted technique) and that measured 
on the delayed glucoheptonate images. 

The authors pointed out that the differential function on delayed 
images may be incorrect because of persistent activity in the collect- 
ing system. Similar errors can occur with prolonged transit through 
renal parenchyma, as is shown in the following case. 
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Fig. 1.—Prolonged renal transit. 

A, Early blood-pool gluconate image. 

B, 1-hr delayed gluconate image. 

C, **'l-ortho-iodohippurate image at 0-4 min. 
D, **'/-ortho-iodohippurate image at 28-32 min. 


This 29-year-old man was referred to us for evaluation of hyper- 
tension and subsequently was proved by angiography to have ste- 
nosis of the left renal artery. A °"Tc-gluconate flow study, early 
“blood pool” image, and delayed static view at 1 hr were obtained 
without computerization together with a '“"l-ortho-iodohippurate se- 
ries with computerization (Fig. 1). Both the flow study and the 
gluconate blood-pool image showed equal activity bilaterally. This 
was confirmed on the early hippurate image, which showed relatively 
equal function bilaterally (left kidney, 45%; right kidney, 55%). Pro- 
longed transit through the left kidney was evident on both the 
hippurate study and the delayed gluconate image. Quantitation of the 
delayed gluconate image alone in this circumstance would have 
yielded misleading results. 

We agree with the authors that "Tc-glucoheptonate (or gluco- 
nate, which is handled in a similar manner [2, 3]), is a useful radi- 
opharmaceutical for renal imaging and measurement of relative renal 
function. Radiologists should be aware of potential errors in meas- 
uring relative renal function if delayed images alone are to be used. 

|. David Greenberg 

Anne E. Peterdy 

Health Sciences Center 

Winnipeg, Man. R3E 0Z3, Canada 
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Diverticulitis and the Contrast Enema 


| wish to comment on the article entitled “Diagnosis of Acute 
Colonic Diverticulitis: Comparison of Barium Enema and CT” by 
Johnson et al. [1], which appeared in the March 1987 issue of AJR. 
| was delighted that the contrast enema turned out to be such a 
useful diagnostic test with such little morbidity. | would like to develop 
the concept of the inappropriate clinical diagnosis of diverticulitis, 
however, and to emphasize the early use of the contrast enema in 
establishing this diagnosis. 

The problem revolves around the gold standard used to establish 
those patients who truly have diverticulitis (i.e., inflammation) in 
contrast to those patients with diverticulosis who have similar symp- 
toms, but not on an inflammatory basis. Morrison [2] in 7963 and 
then Fleischner and coworkers [3, 4] in two classic articles in 1964 
and 1965 showed that between 25% and 33% of surgical specimens 
from patients undergoing resection for “diverticulitis” had no patho- 
logic evidence of inflammation. These were a select group of patients: 
they were the most ill, in whom surgery was necessitated, and yeta 
large proportion of these patients in whom a diagnosis of diverticulitis 
had been made clinically did not have that diagnosis pathologically. 

The pathogenesis of diverticulosis is complicated, but in some 
patients increased intraluminal pressure due to severe muscular 
spasm is important. Most of us have experienced severe abdominal 
cramping and recognize how painful this experience can be. In 
establishing the clinical diagnosis of diverticulitis, Johnson et al. 
accepted two of the following three signs and symptoms: pain, 
temperature greater than 38°C, and a white count higher than 
10,000/uI. | assume that all of the patients had pain and accordingly 
the remainder of the patients had either fever or an elevated white 
count. Diverticulosis is a common condition in our population, esti- 
mated by some [5] to occur in as many as 50% of the elderly. 
Certainly, fever and increased white count are also common, arising 
from a variety of unrelated conditions, usually transitory with the 
cause never determined. Therefore, patients with diverticulosis may, 
at times, have spasm that gives them pain, and they also, from time 
to time, may have a fever or white count that has no relation 
whatsoever to the spasm of their colonic musculature. These patients 
are admitted to the hospital. The clinician makes a clinical diagnosis 
of diverticulitis, has no imaging diagnostic tests performed—ar per- 
haps after several weeks of therapy does have a barium enema 
performed that shows no radiologic signs of diverticulitis—treats the 
patient with antibiotics, and has a fine result from the treatment (i.e., 
the patient gets better). It should be evident that most of these 
patients do not have diverticulitis; they have diverticulosis. and they 
could be managed better with antispasmodics rather than antibiotics. 
It is my opinion that all patients admitted to the hospital with a 
tentative clinical diagnosis of diverticulitis should have a barium 
enema immediately on admission. This will establish objectively the 
diagnosis of diverticulitis in most cases. | realize that the barium 
enema does not have a sensitivity of 100%, but its sensitivity is high. 
In many cases, the negative results on barium enema will exclude 
the diagnosis of diverticulitis and, in many of these cases, the patients 
may be treated in another fashion and discharged. 

In summary, | am concerned by the frequent clinical misdiagnosis 
of diverticulitis, and | think that many of these patients have divertic- 
ulosis with spastic colonic musculature Causing symptoms, rather 
than an inflammatory condition. Johnson et al. showed that im their 
52 proved “surgical” cases, the contrast enema showed abnormalities 
consistent with diverticulitis in 51 of the 52 cases, indicating how 
sensitive a test the contrast enema truly is. In the 39 “clinical” cases, 
the barium enema was positive in only two-thirds of the cases; this 
is not surprising as many of these clinical cases of diverticulitis did 


not have diverticulitis—the barium enema is a better gold standard 
than the clinician's opinion. 

Thank you for permitting me to share my feelings with the authors 
of your article and your readership. The clinical diagnosis of divertic- 
ulitis is often incorrect, and the contrast enema is an excellent method 
of distinguishing an acute attack of diverticulosis from inflammatory 
diverticulitis. 


M. L. Janower 
St. Vincent Hospital 
Worcester, MA 01604 
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Reply 


We appreciate Dr. Janower’s comments regarding the difficulty 
clinicians face in accurately diagnosing diverticulitis. We agree that 
the use of the barium enema early in these patients’ workups carries 
little risk and often could document suspected disease. The barium 
enema was accurate in our patients with surgically proved disease; 
however, the moderate-to-severe disease present would be expected 
more commonly to produce a positive study than would the mild-to- 
minimal diverticulitis usually treated by medical therapy. Undoubtedly, 
some of the patients with the clinical diagnosis of diverticulitis in our 
study did not have the disease, despite our attempts to substantiate 
this diagnosis further with some objective criteria (pain, fever, leuko- 
cytosis). This implies that our sensitivity in this group is understated 
and that even in mild disease the barium enema is often diagnostic. 
The important question remains: In the face of usual clinical signs 
and symptoms of diverticulitis and a negative barium enema, should 
treatment be withheld? | suspect that most clinicians would favor 
their clinical diagnosis and treat these patients nonetheless. If so, can 
we justify a barium enema for ail patients, or should we reserve this 
examination for patients in whom the diagnosis is uncertain or com- 
plications suspected? These questions must be answered on an 
individual basis by physicians who, it is hoped, are aware of the 
limitations inherent in both the clinical and radiologic diagnostic meth- 
ods. We thank Dr. Janower for his thoughtful comments. 


C. Daniel Johnson 

Mayo Clinic 

Rochester, MN 55905 

Mark E. Baker 

Duke University Medical Center 
Durham, NC 27710 

Reed P. Rice 

Duke University Medical Center 
Durham, NC 27710 

Paul M. Silverman 

Georgetown University 
Washington, DC 20007 

William M. Thompson 
University of Minnesota 
Minneapolis, MN 55455 


Accumulation of Technetium-99m Sulfur Colloid in 
Hepatocellular Adenomas 


| read with interest the recent article by Drs. Lubbers et al. [1], in 
which the authors reported accumulation of technetium-99m sulfur 
colloid (Tc-SC) by hepatocellular adenomas and concluded that “an 
explanation other than a tack of Kupffer cells is responsible for the 
photon-deficient appearance in the majority of cases of hepatocellular 
adenoma.” The authors speculated that possible factors responsible 
for diminished radiopharmaceutical uptake of most hepatocellular 
adenomas include a decreased number of Kupffer cells in some 
tumors, altered blood flow, and abnormal phagocytic activity of the 
Kupffer cells. They noted that the three adenomas with uptake in 
their series had “relatively dilated sinusoids.” | would like to suggest 
that this finding, namely the prominent sinusoids, represents the most 
likely explanation for the uptake of radiopharmaceutical in these three 
lesions. 

As the authors stated, phagocytic activity of Kupffer cells may be 
affected by the lack of portal blood supply; indeed, portal-venous 
blood is considered a prerequisite for efficient phagocytic function. 
More pertinent, however, is the biodistribution of Tc-SC in the liver, 
which is generally misunderstood, or at best oversimplified, by radi- 
ologists and nonradiologists alike. In his classic book on nuclear 
hepatology, Brucer [2] has referred to the sulfur colloid liver-spleen 
scan as a “perisinusoidal space” scan. Diagnostic liver imaging with 
sulfur colloid at 15-30 min after injection reflects distribution of the 
particles (actually a microaggregate rather than a true colloid) in the 
space of Disse, not—contrary to popular belief—within the Kupffer 
celis. Dr. Brucer has stated that “Kupffer’s cells do not engulf such 
large particles, rather the particles pass into the perisinusoidal space 
and, presumably, are eventually drained into portal and hepatic lymph 
nodes.” This contrasts with 24-hr postinjection imaging with gold 
colloid (a true colloidal suspension), which produces a true “Kupffer 
cell scan." 

Almost 15 years ago, Chaudhuri et al. [3] observed the difference 
in how the liver handles gold-198 colloid and Tc-SC. After confirming 
by electron microscopy that the size of particles of sulfur colloid was 
larger than that of gold colloid, those investigators used serial auto- 
radiography and showed distinctly different patterns of distribution in 
mice after injection of both radiopharmaceuticals. Gold colloid could 
be localized intracellularly at 30 min postinjection, whereas sulfur 
colloid exhibited a “generalized distribution.” 

Nevertheless, uptake of sulfur colloid by the liver almost universally 
is explained on the basis of “phagocytosis by Kupffer celis,” and the 
notion continues to pervade the literature, as in the case of articles 
cited by Lubbers et al. in their introduction and in many other articles. 
Given diminished uptake of sulfur colloid in a variety of entities, 
investigators generally attempt to explain the finding on the basis of 
the number or function of phagocytic cells. | have seen no convincing 
evidence to suggest this is the case. Bradfield and Wagner [4], after 
producing severe Kupffer cell blockade with IV dextran sulfate in 
mice, found that the distribution of Tc-SC was disturbed only slightly, 
and they concluded that (1) there was no evidence that abnormalities 
in the distribution of Tc-SC to liver and spleen are caused by de- 
pressed function of hepatic phagocytes and (2) Tc-SC is not a suitable 
agent for measuring Kupffer cell function. 

Thus, given the apparent biodistribution of currently used liver 
imaging agents, | suggest that a decrease in the numbers of Kupffer 
cells or abnormal phagocytic activity of these cells is most likely not 
responsible for diminished uptake in most hepatocellular adenomas. 
it appears more likely that the uptake seen in the three reported 
cases is related to the dilated sinusoids and consequent trapping of 
the particles in the perisinusoidal spaces. 

This criticism in no way negatively refiects on the findings of these 
authors in an otherwise excellent paper. 

L. M. Vincent 
Harborview Medical Center 
Seattle, WA 98104 
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Reply 


We are delighted by Dr. Vincent's letter that reinforces our thesis 
that lack of Kupffer cells is not the reason for the photon-deficient 
appearance in most hepatocellular adenomas. Furthermore, in an 
elegant manner, he suggests that out of the three factors mentioned 
in our paper, the altered blood supply is the one responsible for the 
diminished uptake in the majority of these adenomas. His opinion 
supports our histologic observations that Kupffer cells are present in 
all hepatocellular adenomas. 

We thank him for his interest in our research and for his help in 
clarifying the reason for the diverse appearance of hepatocellular 
adenoma on sulfur colloid scintigraphy. 

Pablo R. Ros 
University of Florida College of Medicine 
Gainesville, FL 32610 


Coincidental Granular Cell Tumor and Squamous 
Cell Carcinoma of the Esophagus 


Granular cell tumors are uncommon lesions of probable Schwann 
cell origin. Aimest always benign, most granular cell tumors appear 
as small asymptomatic masses in the skin, subcutaneous tissue, or 
mouth, although virtually every organ may be involved. Coexistence 
of granular cell tumor and carcinoma has been reported in the 
esophagus, lung, larynx, tongue, breast, and vulva [1]. The devel- 
opment of squamous cell carcinoma of the esophagus in a previously 
reported case of a woman with multiple granular cell tumors of the 
skin and gastrointestinal tract [2] is the subject of this communication. 

A 51-year-old woman presented with gastrointestinal bleeding due 
to an ulcerated granular cell tumor of the stomach. Granular cell 
tumors also were found in the skin, subcutaneous tissue, and colon. 
A small extramucosal mass in the distal esophagus was presumed 
to represent a granular cell tumor as well. Eighteen months after 
resection of her gastric lesion, she returned with a 5-month history 
of dysphagia and weight loss. Esophagography showed an irregular 
ulcer distal to the extramucosal mass, which had not changed (Fig. 
1). Results of endoscopic biopsy showed invasive squamous cell 
carcinoma. CT revealed extensive necrotic metastases in the liver 
and retroperitoneum. When the patient died 1 month later, postmor- 
tem examinatien confirmed the presence of a submucosal granular 
cell tumor proximal to, and clearly separate from, the primary esoph- 
ageal carcinoma; pseudoepitheliomatous hyperplasia was not seen. 
Extensive metastatic squamous cell carcinoma was documented 
also. 

Several other cases of coincident granular tumor and squamous 
cell carcinoma of the esophagus have been reported [1, 3, 4], raising 
the question of a nonrandom association. In two patients (Lehn et al. 
[3] and the patient reported herein), the presence of the granular cell 
tumor was doeumented more than 1 year before the development of 
the carcinoma. Mannion et al. [1] suggested that carcinoma might 
arise in the pseudoepitheliomatous hyperplasia that is sometimes 
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Fig. 1.—Spot film of distal 
esophagus shows small malig- 
nant ulcer (arrow) 1 cm distal to 
extramucosal mass. 





present overlying granular cell tumors. However, this hypothesis was 

not supported by the histologic findings in their case or in either of 

the other two documented cases ([3] and the patient reported herein). 

Thus, it seems likely that the coexistence of granular cell tumor and 
squamous cell carcinoma in the esophagus is coincidental. 

D. Randall Radin 

Los Angeles County-University of Southerr California 

Medical Center 

Los Angeles, CA 90033-1084 
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Beyond Radiology Training: A Guide to Career 
Choice 


| am writing in response to the article by Dr. Sartoris [1] in the May 
1987 issue of AJR. First of all, | might take exception to the statement 
that “academia is in fact the more exciting and rewarding road.” As 
Dr. Schreiber pointed out in the immediately preceding opinion [2] in 
the same issue, each individual has different needs and expectations, 
and these will be met in different practice situations. If one is looking 
for diversity of experience, one would not expect to find that doing 
subspecialty radiology on those patients who have selected a univer- 
sity hospital for their care or who need that level of care. A much 
broader spectrum of patients and diseases is usually available in a 
large community hospital. | would also note that radiologists in private 
practice, although they will not perish if they do not publish, doindeed 
write articles, prepare lectures, and actually may give more confer- 
ences than their academic comrades. | suspect that we in private 
practice have as many administrative responsibilities as academic 
radiologists do and may even have a bureaucratic hierarchy that is 
easier to deal with. Now that | have that off my chest, let me say that 
| agree with the thrust that graduating radiologists are mot well 
informed with regard to the benefits of any academic practice. | think 
the same basic problem exists with regard to the information that 
residents receive about choosing a position in private practice. 

In my residency and fellowship, completed 10 years aco, little help 
was given the trainee in choosing an eventual practice situation— 
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either academic, private, or governmental. Radiologists who have 
joined our private practice group subsequently have made the same 
complaint. | think, therefore, that it is the job of those responsible for 
radiology training to give residents information on all styles of practice. 
if anything, residents have more of an opportunity to learn about 
university radiology employment than about private practice radiol- 
ogy. They are surrounded daily by academic radiologists who can 
serve as mentors and positive role models. Unless residents moon- 
light, a situation frowned on by many department heads, they have 
little opportunity to learn what private practice is about. Residents 
who apply for positions seem to be uninformed about employment 
contracts and other factors related to the business side of medicine. 
In an interview situation they cannot, therefore, ask the proper 
questions. 
| would urge, therefore, that practical information be made available 
to applicants about both the private practice of radiology and aca- 
demic radiology careers early enough in their training to allow them 
to integrate this information into their training program and perhaps 
even modify the elective portion of that training as they direct them- 
selves toward either goal. 
Lee G. Michels 
Sacred Heart General Hospital 
Eugene, OR 97440 
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Reply 


The points outlined in Dr. Michels’s letter are certainly well-taken 
and cannot be contested. | appreciate his willingness to share his 
opinions and believe that they will be extremely valuable to residents 
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and fellows. interchange of ideas along such lines is definitely healthy 
for the field in general and for radiologic trainees in particular. 

David J. Sartoris 

University of California, San Diego, Medical Center 

San Diego, CA 92103-1990 


Sonographic Diagnosis of Foreign Bodies of the 
Distal Extremities 


Fornage and Schernberg [1] are to be congratulated on their article 
“Sonographic Diagnosis of Foreign Bodies of the Distal Extremities.” 
The ease of identification and accuracy of localization were also 
features in our description [2] of intrahepatic foreign bodies, and we, 
too, found various sonographic appearances with different sub- 
stances. The relative homogeneity of the liver was definitely advan- 
tageous, as mentioned by Fornage and Schernberg. 

| am, however, puzzled by their remark that all glass fragments 
are radiopaque. Certainly, their technique of using about 30 kV is 
optimal, but, in our experience, some glass fragments (even when 
such low voltage is used) are invisible or virtually so. The radiopacity 
of glass, to the best of any knowledge, depends on its lead content, 
which varies with the quality of the glass. In addition, of course, when 
portions of the body thicker than the hands and feet have to be 
imaged, 30 kV will be insufficient. 

W. K. Andrew 
Eugene Marais Hospitaal 
Les Marias, Pretoria, 0002 Union of South Africa 
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Review of Current Literature 





Initials and addresses of corresponding authors are provided in 
parentheses fer each article so that the reader can obtain reprints 
directly. Abstracts are printed verbatim from each journal. 


CLINICAL LITERATURE 


The New England Journal of Medicine 


Increased rist cf cancer in the Peutz-Jeghers syndrome. Giardiello 
FM, Welsh. SE, Hamilton SR, et al. (FMG, Div. of Gastroenterology, 
Dept. of Medicine, Blalock 942, Johns Hopkins Hospital, 600 N. Wolfe 
St., Baltimore. MD 21205). N Engi J Med 316:1511-1514, 1987 


The Peutz-.eghers syndrome is an autosomal dominant hereditary 
disease characterized by hamartomatous polyps of the gastrointes- 
tinal tract anc by mucocutaneous melanin deposits. The frequency 
of cancer in tis syndrome has not been studied extensively. There- 
fore, we investigated 31 patients with the Peutz-Jeghers syndrome 
who were fofowed from 1973 to 1985. All cases of cancer were 
verified by his:ooathological review. 

Cancer dewloped in 15 of the 31 patients (48 percent)—-gastroin- 
testinal carciromas in 4, nongastrointestinal carcinomas in 10, and 
multiple myelama in 1. in addition, adenomatous polyps of the stom- 
ach and coloa occurred in three other patients. The cancers were 
diagnosed when the patients were relatively young, but after the 
Peutz-Jeghers syndrome had been diagnosed (interval between di- 
agnoses, 25 = 20 years; range, 1 to 64). According to relative-risk 
analysis, the dbserved development of cancer in the patients with the 
syndrome was 18 times greater than expected in the general popu- 
lation (P < 0.8001). 

Our resuitssseqgest that patients with the Peutz-Jeghers syndrome 
have an increased risk for the development of cancer at gastrointes- 
tinal and nonsastrointestinal sites. 








Cancer 


Relationship-between area of serosal invasion and prognosis in 
patients witk gastric carcinoma. Kaibara N, litsuka Y, Kimura A, et 
al. (NK, the First Dept. of Surgery, Tottori University School of 
Medicine, 36-1 Nishimachi, Yonago, Tottori 683, Japan). Cancer 
60: 136-139.1987 


We examined the relationship between the spatial extent of inva- 
sion of the gastric serosa in patients with gastric carcinoma and their 
postoperative 5-year survival rate. At the time of surgical resection 
of gastric camcer, intraperitoneal free cancer cells were detected by 


lavage of the Douglas cavity in 135 of 309 (44%) patients with gross 
evidence of serosal invasion. Examination of the relationship between 
the presence of intraperitoneal free cancer cells and serosal area 
invaded by the tumor revealed that only 22% of cases wit? an area 
of serosal invasion 10 cm? or less were positive for free cancer cells, 
but such cells were found in 72% of cases with an area of serosal 
invasion greater than 20 cm’. The 5-year survival rate wes 37% in 
patients with an area of serosal invasion of less than 10 cm’, whereas 
the rate was only 8% in patients with an area of serosal invasion 
greater than 20 cm’. Not only the presence of serosal invasion by a 
tumor but also the spatial extent of the invasion are significant factors 
that influence the prognosis of patients with gastric carcinoma. 
Reprinted with permission by the American Cancer Society. 


Chest 


Transbronchial needle aspiration in the diagnosis of broncho- 
genic carcinoma. Schenk DA, Bryan CL, Bower JH, Myers DL (DAS, 
Dept. of Medicine, Wilford Hali USAF Medical Center, Lackland AFB, 
TX). Chest 92(1):83-85, 1987 


Transbronchial needle aspiration (TBNA) was performed as a 
diagnostic procedure in 91 consecutive patients ultimately proven to 
have bronchogenic carcinoma. Results of TBNA were compared, in 
the same patients, to the diagnostic yield of cytologic examination of 
sputum, endobronchial brushings and washings, and endcbronchial/ 
transbronchial biopsy. The diagnostic yield for sputum was 13 percent 
(10 of 75); brushings, 40 percent (34 of 84); washings, <9 percent 
(26 of 89); biopsy, 56 percent (42 of 75); and TBNA, 45 percent (41 
of 91). Aspirates were positive in 35 percent of patients with adeno- 
carcinoma, 41 percent with squamous cell carcinoma, £2 percent 
with large cell undifferentiated carcinoma, and 55 percent of patients 
with small cell carcinoma. Carinal aspirates were positive in 54 
percent (6 of 11); paratracheal aspirates, 57 percent (13 cf 23); 
parabronchia! aspirates, 39 percent (11 of 28); endobrcnchial, 78 
percent (7 of 9), and peripheral mass or solitary pulmonary nodule, 
40 percent (17 of 42). The overall diagnostic yield for orushings, 
washings, and biopsy was 64 percent. The addition of TBNA in- 
creased the yield to 71 percent. Bronchogenic carcinoma was diag- 
nosed solely by TBNA in six patients, all with extrabronchial or 
extratracheal lesions. We conclude that TBNA increases the diagnos- 
tic yield of bronchoscopy, particularly in patients with extratracheal 
and extrabronchial lesions. An equally important observation is that 
TBNA fails to contribute significantly to the diagnosis of cancer in 
patients with lesions readily accessible by conventiona brencho- 
scopic techniques. Exceptions to this observation include occasional 
patients with necrotic endobronchial tumors, submucosal lesions, 
and rarely patients with peripheral lung nodules or masses. 
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Gastroenterology 


Improved survival with primary sclerosing cholangitis: a review 
of clinicopathologic features and comparison of symptomatic and 
asymptomatic patients. Helzberg JH, Petersen JM, Boyer JL (JLB, 
Yale University School of Medicine, 333 Cedar St., New Haven, CT 
06510). Gastroenterology 92:1869-1875, 1987 


The clinicopathologic features and natural history of primary scle- 
rosing cholangitis were reviewed in 53 patients followed at the Yale 
Liver Center during the past 30 yr. At presentation, the mean age of 
patients was 46 yr, and the male to female ratio was 1.4:1. Biliary 
sclerosis was limited to the intrahepatic ductal system in 21% of the 
patients. Fifty-three percent of the patients had mild disease without 
portal hypertension at presentation, and 25% had no symptoms 
attributable to their liver disease. Long-term follow-up was available 
for 42 patients and averaged 56 mo. Over this period, 16 patients 
remained mildly symptomatic, and 11 were asymptomatic. Survival 
was calculated by a Kaplan-Meier life-table analysis and demon- 
strated that 75% of the patients were alive 9 yr after the diagnosis 
of primary sclerosing cholangitis. A multivariate analysis of clinical 
features revealed that hepatomegaly and a serum bilirubin level >1.5 
mg/di at the onset of disease were independent discriminators of a 
poor prognosis. Patients referred to this university medical center 
displayed different clinical characteristics than previously reported in 
primary sclerosing cholangitis. A higher percentage were older, fe- 
male, and asymptomatic, and more had disease limited to the intra- 
hepatic ductal system. Survival was also considerably improved in 
this group of patients and suggests that the long-term prognosis for 
patients with primary sclerosing cholangitis may be considerably 
better than previously believed. 

Reprinted with permission by the American Gastroenterological Society. 


The Journal of Bone and Joint Surgery 


Coxarthrosis following traumatic posterior dislocation of the hip. 
Hougaard K, Thomsen PB (KH, Dept. of Orthopaedic Surgery O, 
Odense University Hospital, DK-5000 Odense C, Denmark). J Bone 
Joint Surg [Am] 69-A(5):697, 1987 


One hundred and twenty-seven hips in 125 adults were treated for 
traumatic posterior dislocation during a period of two decades. 
Ninety-eight patients (100 hips) were available for follow-up exami- 
nation at a minimum of five years (average, fourteen years) after 
injury. By both clinical and radiographic criteria eighty hips (80 per 
cent) had an excellent or good result. Forty-two per cent of the hips 
that were reduced more than six hours after the dislocation had an 
excellent or good result and 88 per cent of those that were reduced 
within six hours after dislocation had an excellent or good result. 
Thirty-one per cent of the hips with a Grade Ill dislocation had an 
excellent or good result, as compared with 90 per cent of those with 
a Grade-i dislocation. Twenty-two per cent of the hips with an 
excellent or good result had avascular necrosis of the femoral head. 

We found the time-interval between injury and reduction, the 
severity of the initial injury, and the development of avascular necrosis 
of the femoral head to be the most important factors with regard to 
the long-term prognosis. Avascular necrosis occurred most frequently 
in hips that underwent reduction after a delay of more than six hours. 


The Journal of Urology 


Percutaneous management of benign ureteral strictures and fis- 
tulas. Chang R, Marshall FF, Mitchell S (RC, Dept. of Radiology, The 
James Buchanan Brady Urological Institute, Baltimore, MD). J Urol 
137:1126-1131, June 1987 


The percutaneous methods of management of benign ureteral 
strictures or fistulas have developed as a natural evolution of percu- 
taneous nephrostomy and angiographic techniques. We review our 
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5-year experience, which includes 18 patients with 19 benign ureteral 
Strictures and 12 patients with ureteral fistulas. in the majority of the 
patients the ureteral strictures occurred at sites of Surgical recon- 
struction or endoscopic manipulation. All fistulas resulted from sur- 
gical injury. In 10 of the 12 patients (82 per cent) the fistulas healed 
without development of a stricture or need for further intervention. 
Patients with short ureteral strictures had a high incidence of success 
and they usually were the best candidates for percutaneous manip- 
ulation. The longer strictures usually were of longer duration and they 
were less likely to be managed successfully percutaneously. Failure 
of percutaneous dilation did not impede subsequent surgical man- 
agement. Percutaneous management often is a reasonable initial step 
in the treatment of ureteral strictures and fistulas. 


British Journal of Urology 


Evaluation of bladder cancer with a miniature high frequency 
transurethral ultrasonography probe. Devonec M, Chapelon JY, 
Codas H, Dubernard JM, Revillard JP, Cathignoi D (MD, INSERM 
Research Units U 80 and U 281, Dept. of Urology, E. Herriot Hospital, 
Lyon, France). Br J Urol 59:550-553, 1987 


A miniature high frequency 10 MHz transurethral ultrasonography 
probe has been developed which is adaptable to any standard 17 F 
cystoscope sheath. High frequency contributed to a definite improve- 
ment in image resolution but did not allow distinct visualisation of 
different bladder wall layers. An 80% correlation between ultrasono- 
graphic and pathologic staging was established after evaluation of 
50 consecutive patients with newly diagnosed bladder tumours. Ta/ 
T1 tumours tended to be overstaged with ultrasound. in some 
patients, the response to conservative treatment (external beam 
radiation therapy) of deeply infiltrating tumours could be assessed 
with the miniature probe on an out-patient basis. 


Pediatrics 


Neuroblastoma: the case for screening infants in North America. 
Woods WG, Tuchman M. (WGW, Box 454, Mayo Bldg., University of 
Minnesota, Minneapolis, MN 55455). Pediatrics 79(6):869-873, June 
1987 


Neuroblastoma is a disease in which easily measured tumor mark- 
ers are excreted. It is curable when diagnosed in an early stage and 
at an early age, and it has a high incidence relative to other serious 
childhood diseases. Recent advances in screening infants for neuro- 
blastoma by detection of urinary homovanillic acid and vanillyiman- 
delic acid, the most useful markers of neuroblastoma, are described. 
Based on results from Japan's mass-screening program and on the 
authors’ observations, it is estimated that mass screening for neu- 
roblastoma could save 260 lives annually in the United States. 

Reproduced with permission by PEDIATRICS © 1987. 


The Journal of Pediatrics 


Diagnostic utility of hepatobiliary scintigraphy with *"Tc-DISIDA 
in neonatal cholestasis. Spivak W, Sarkar S, Winter D, Glassman 
M, Donion E, Tucker KJ (WS, Division of Gastroenterology/Nutrition, 
Dept. of Pediatrics, New York Hospital-Cornell University Medical 
Center, 525 E. 68th St., New York, NY 10021). J Pediatr 110:855~- 
861, 1987 


We retrospectively evaluated the utility of hepatobiliary scintigraphy 
and various Clinical factors in differentiating intrahepatic cholestasis 
from biliary atresia in 28 consecutive infants with neonatal cholestasis. 
One millicurie of technetium-labeled diisopropyliminodiacetic acid 
(DISIDA) was administered intravenously, and images were obtained 
for up to 24 hours or until gastrointestinal excretion was noted. Nine 
separate studies in seven infants with biliary atresia were correctly 
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interpreted as showing no gastrointestinal excretion of radionuclide. 
Of the 21 patients with intrarepatic cholestasis, only nine had gas- 
trointestinal excretion on the first study: in eight without excretion, a 
second study wes done, and five of these showed gut excretion. All 
infants with either neonatal hepatitis (six) or inspissated bile syndrome 
(three) had demcnstrabie gastrointestinal excretion either on the first 
or second DISIDA study. However, five of six infants with paucity of 
intrahepatic bile ducts, two of six infants with cholestasis secondary 
to total parenteral nutrition, apd one infant with cholangiolitis did not 
show evidence ef gastrointestinal excretion. The mean birth weight, 
mean gestational age, and mean weight at study were significantly 
greater {P < 0.005) for infants with biliary atresia without excretion 
than for infants with intrahepatic cholestasis without excretion. The 
mean direct bilisubin concentration was 6.0 mg/dl for both infants 
with biliary atresia and infants with intrahepatic cholestasis without 
excretion; hawever, infants with excretion had a significantly lower 
(P < 0.02) mean direct bilirubin value of 3.4 mg/dl. Excretion was 
noted in four infants with total bilirubin values >10.0 mg/dl. The 
absence of gut excretion on the first DISIDA study was 100% 
sensitive but orty 43% specific for biliary atresia. In infants without 
gut excretion of DISIDA, birth weight >2200 g was 100% sensitive 
and 92% specific for biliary atresia. We conclude that DISIDA scan- 
ning, together with clinical data, is useful in differentiating extrahepatic 
from intrahepatic cholestasis. The absence of gut excretion on the 
first DISIDA stuey does not necessarily indicate extrahepatic obstruc- 
tion; the study should be repeated if the diagnosis is not clear. 


RADIOLOGY SUBSPECIALTY JOURNALS 


The Journal of Nuclear Medicine 


Uptake of iodine-123 MIGB by pheochromocytomas, paragan- 
gliomas, and aeuroblastomas: a histopathological comparison. 
Bomanji J, Lew:son DA, Flatman WD, et al. (JB, Dept. of Nuclear 
Medicine, St. Bartholomew's Hospital, West Smithfield, London 
EC1A 7BE, United Kingdom). J Nuci Med 28(6):973-978, June 1987 


The percentage uptake c? ['**l]metaiodobenzylguanidine (MIBG) 
by tumors of the paraganglion system is compared with the number 
of neurosecretory granules (assessed by both light and electron 
microscopy) in the subsequently resected tumors in six patients. 
lodine-123 MIGB was injected intravenously; the tumor uptake of 
[“I]MIBG varied between 0001% and 0.14% of the injected dose 
per gram of tumor tissue at 22 hr. The number of neurosecretory 
granules in. tissue sections was scored on a scale of i-iii. A direct 
proportional correlation was.:found between the percentage uptake 
of ['**1]MIBG by the tumor and the number of neurosecretory granules 
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in the tissue sections but not with plasma or urinary catecholamines. 
This technique for imaging reflects the storage status of the tumor 
better than plasma and urinary catecholamine measuremerts. 


Journal of Ultrasound in Medicine 


Atherosclerotic plaque at the carotid artery bifurcation: correla- 
tion of ultrasonographic imaging with morphology. Weinberger J, 
Marks SJ, Gaul JJ, et al. (JW, Dept. of Neurology, The Mount Sinai 
School of Medicine, One Gustav L. Levy PI., New York, NY 10029). 
J Ultrasound Med 6:363~-366, 1987 


Morphologic characteristics of atherosclerotic plaque at the carotid 
artery bifurcation were compared to the appearance of the plaque on 
real-time B-mode ultrasonography. Mural plaques propagating along 
the wail of the carotid sinus had a 72% frequency of recent organizing 
hemorrhage. Nodular plaques causing local narrowing of the vessel 
had only a 23% incidence of organizing hemorrhage. This difference 
was significant (P < 0.01). The presence of recent organizing hem- 
orrhage in mural plaques may account for the increased frequency of 
symptoms previously observed to occur ipsilateral to mural plaques 
compared to nodular plaques." 

Reprinted with permission by the American Institute of Ultrasound in Medi- 
cine. 


Magnetic Resonance Imaging 


Maximizing signal-to-noise and contrast-to-noise ratios in flash 
imaging. Hendrick RE, Kneeland JB, Stark DD (REH, Dept. of Ra- 
dioiogy, University of Colorado School of Medicine, Denver, CO 
80262). Mag Reson Imag 5:117-127, 1987 


This paper presents an analysis of signal-to-noise and contrast-to- 
noise ratios from small tip angle, gradient reversal (FLASH) imaging. 
Analytic and numerical techniques are used to determine the delay 
times and tip angles that maximize signal-to-noise per unit time from 
a single tissue. Similar procedures are used to determine the delay 
times and tip angles that maximize both T1-induced and T-2*-induced 
contrast-to-noise per unit time for a pair of tissues as a function of 
tissue characteristics and pulse sequence sampling times. The ad- 
vantage of optimized FLASH imaging over optimized spin-echo im- 
aging is quantitated by comparing signal-to-noise and contrast-to- 
noise ratios per unit time from the two sequences., images are used 
to confirm these numerical results, to compare noise leveis resulting 
from gradient reversals versus 180° rephasing pulses anc to assess 
the possible adverse effeects of static magnetic field inhomogeneities 
on FLASH imaging. 
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New Orleans Fall Radiology Conference 


Louisiana State University School of Medicine is sponsoring the 
New Orleans Fall Radiology Conference, Oct. 1-3, at the Hotel 
Meridien New Orleans in New Orleans. This year’s seminar will focus 
on new diagnostic and interventional methods in radiology. Highlights 
will include sessions on pediatric radiology, radiology of trauma, and 
interventional radiologic procedures. Category 1 credit: 17 hr. Fee: 
physicians, $300; residents, $200 (with a letter). Information: Office 
of Continuing Medical Education, LSU Medical Center, 1542 Tulane 
Ave., New Orleans, LA 70112; (504) 568-6085. 


Symposium on Breast Disease 


The Bowman Gray School of Medicine will hold its 5th symposium 
on breast disease, Oct. 4-6, at the Hyatt Winston-Salem, Winston- 
Salem, NC. Category 1 credit: 15.5 hr. Fee: $395. Information: Pat 
Rice, Dept. of Radiology, Bowman Gray School of Medicine, 300 S. 
Hawthorne Rd., Winston-Salem, NC 27103; (919) 748-2470. 


Cardiac Doppler Scanning 


Seminars on cardiac Doppler scanning will be held Oct. 4-6 and 
Dec. 6-8 in Dallas, TX. This course is part of a series of hands-on 
instruction in diagnostic ultrasound presented by Keith Mauney and 
Associates, Inc. It is intended to provide the already experienced 
two-dimensional cardiac sonographer with a complete understanding 
of cardiac Doppler scanning. A clinically active faculty of physicians 
and technologist sonographers will guide and support the student in 
both didactic and hands-on sessions. This seminar is certified by the 
SDMS for 15.5 hr of CEC credits; category 1 accreditation is pending. 
information: Barbara Bhatt, Keith Mauney and Associates, Inc., 1230 
Riverbend Dr., Ste. 100, Dallas, TX 75247; (214) 630-4288. 


Carotid Duplex Technology 


Keith Mauney and Associates, Inc., will present seminars on carotid 
duplex technology, Oct. 22-24, in Denver, CO, and Nov. 18-20, in 
Nashville, TN. The seminars are designed to acquaint beginning 
clinicians with the proper approach to the clinical and technical 
aspects of the Doppler examination. A faculty of practicing clinicians 
will guide each student through an interlacing series of lectures, case 
presentations, and controlled hands-on scanning sessions to develop 
a three-dimensional neurophysiologic approach to the technology. 


News 





Students will conduct examinations on normal subjects. Abnormal 
disease states and their sonographic findings will be considered 
systematically by analyses of actual cases. Equal emphasis will be 
placed on image and flow velocity acquisition and clinical application 
of the data. Each of these seminars is certified by the SDMS for 12 
hr of CEC credits; category 1 accreditation is pending. Information: 
Barbara Bhatt, Keith Mauney and Associates, Inc., 1230 Riverbend 
Dr., Ste. 100, Dallas, TX 75247; (214) 630-4288. 


Mammography Conference 


The University of Wisconsin School of Medicine, Dept. of Radiology 
and Continuing Medical Ecucation, is sponsoring a conference on 
mammography, Oct. 22-24, at the Inn on the Park, Madison, WI. 
Instruction will be given in the design, implementation, and legal 
aspects of screening mammography. Workshops will be included. 
Category 1 credit: 15 hr; CEUs: 1.5. Fee: physicians, $300; residents, 
technicians, and others, $210. information: S. Z. Aslakson, Continu- 
ing Medical Education, 465B WARF Bidg., 610 Walnut St., Madison, 
WI 53705; (608) 263-2856. 


Noninvasive Vascular Diagnosis by Doppler 
Ultrasound 


The Institute for Medical Studies is sponsoring a program on 
noninvasive vascular diagnosis by Doppler ultrasound, Oct. 27-31, 
in Houston, TX, and Dec. 7-11, in the Washington, DC, area. The 
program is designed to provide physicians, nurses, and technologists 
with instruction in the use of Doppler ultrasound for noninvasive 
detection and quantification of cerebrovascular, peripheral, arterial, 
and venous vascular disease. The format will include lectures, panel 
discussions, interpretation workshops, and live demonstrations. Cat- 
egory 1 credit: up to 30 hr. Information: Lisa Krehbiel, Institute for 
Medical Studies, 30131 Town Center Dr., Ste. 215, Laguna Niguel, 
CA 92677; (714) 495-4499. 


Advances in Nonsurgical Therapy of Biliary Calculi 


The Bowman Gray School of Medicine is sponsoring a course, 
Advances in Nonsurgical Therapy of Biliary Calculi, Oct. 30-31, in 
Winston-Salem, NC. Category 1 credit: 11 hr. Fee: $250. information: 
Pat Rice, Dept. of Radiology. Bowman Gray School of Medicine, 300 
S. Hawthorne Rd., Winston-Salem, NC 27103; (919) 748-2470. 
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Diagnostic Radiology Update 


The University of Texas Health Science Center at Dallas, Dept. of 
Radiology, is sponsoring Diagnostic Radiology Update, Oct. 30-Nov. 
1, at the Lincolr Hotel in Dallas. This weekend program focuses on 
practical advances in diagnosis that are applicable in everyday prac- 
tice. Topics inclade nuclear medicine, CT, sonography, interventional 
procedures, plain film radiography, and a symposium on MR imaging. 
Faculty: F. J. Bente, T. S. Curry, W. A. Erdman, Georgiana Gibson, 
M. J. Landay, D B. Mendelsohn, A. R. Mootz, R. M. Peshock, H. C. 
Redman, Jack Reynolds, Nancy Rollins, Murry Schonfeld, Michael 
Stannard, and Paul Weatherall. Guest faculty: H. Z. Mellins, R. G. 
Ramsey, J. L. Buck, and J. C. Weinreb. Category 1 credit: 18 hr. 
Fee: practicing physicians, $325; residents, $200. Information: Dolly 
Christensen, Dest. of Radiology, University of Texas Health Science 
Center at Dallas, 5323 Harry Hines Bivd., Dallas, TX 75235-9071; 
(214) 688-2502 or 688-2166. 


Abdominal Imaging Techniques 


Keith Mauney and Associates, inc., will present a course on 
abdominal imaging techniques, Nov. 2-6, in Dallas, TX. The course 
will provide the student with an intensive, individualized opportunity 
to gain a maximal hands-on proficiency in a brief period of time. The 
practical aspects of theoretical science will be integrated with clinical 
application. On completion of the course, the student will be able to 
perform independently a complete scan of tne abdomen. This seminar 
is certified by the SDMS for 22.25 hr of CEC credits; category 1 
accreditation is sending. Information: Barbara Bhatt, Keith Mauney 
and Associates, inc., 1230 Riverbend Dr., Ste. 100, Dallas, TX 75247; 
(214) 630-4238. 





Obstetric and Gynecologic Imaging Techniques 


OB/Gyn imaging Techniques will be offered in Dallas, TX, in 
sequence with the course on abdominal imaging presented by Keith 
Mauney and Associates, Inc. The dates for the obstetric and gyne- 
cologic course are Nov. 9-13. On completion of the course, the 
student will be able to perform independently a complete scan of the 
lower abdomina and pelvic areas. This course is certified by the 
SDMS for 22.25 hr of CEC credits; category 1 credit is pending. 
information: Barbara Bhatt, Keith Mauney and Associates, Inc., 1230 
Riverbend Dr., Ste. 100, Dallas, TX 75247; (214) 630-4288. 


Bone and Joint Disorders 


Maricopa Medical Center, Phoenix, AZ, is sponsoring the 16th 
annual radiology seminar, Bone and Joint Disorders, Nov. 13-15, at 
Marriott's Cameback Inn, Scottsdale, AZ. Program director: Alex 
Newman. Category 1 credit: 22 hr. Fees: 3-day seminar, $350; 2-day 
seminar, $250. nformation: Dept. of Radiology, Maricopa Medical 
Center, P. O. Bax 5099, Phoenix, AZ 85010; (602) 267-5361. 


Lower/Upper Extremity Applications of Duplex 
Technology 


Lower/Upper Extremity Applications of Duplex Technology will be 
presented by Keith Mauney and Associates, Inc., Nov. 21-22, in 
Nashville, TN. The course offers a comprehensive, hands-on ap- 
proach to the peripheral, arterial, and venous applications of nonin- 
vasive instrumentation, including duplex Doppler scanning. Separate 
use of the directional hand-held Doppler probe in segmental pressure 
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testing and venous flow analysis will be covered in detail. This course 
is certified by the SDMS for 7 hr of CEC credits; category 1 accredi- 
tation is pending. Information: Barbara Bhatt, Keith Mauney and 
Associates, Inc., 1230 Riverbend Dr., Ste. 100, Dallas, TX 75247; 
(214) 630-4288. 


Cardiac 2-D/M-Mode Imaging 


A course on two-dimensional and M-mode echocardiology will be 
offered by Keith Mauney and Associates, Inc., Nov. 30~Dec. 4, in 
Dallas, TX. The course has been designed to assist the student in 
developing a comprehensive, clinically based foundation in funda- 
mental aspects of echocardiology. A modular approach wil be used 
to develop skills in basic two-dimensional and M-mode techniques of 
scanning. A three-dimensional approach to the heart as a dynamic 
organ with anatomic and physiologic considerations is stressed 
throughout. The seminar is certified by the SDMS for 21.25 hr of 
CEC credits; category 1 accreditation is pending. Information: Bar- 
bara Bhatt, Keith Mauney and Associates, Inc., 1230 Riverbend Dr., 
Ste. 100, Dallas, TX 75247; (214) 630-4288. 


Fellowships for Research Training in Cancer, 
1988-1989 


The International Agency for Research on Cancer, World Health 
Organization, is accepting applications from junior scientists for train- 
ing fellowships in 1988-1989 in those aspects of cancer research 
related to the agency’s own program in biostatistics, epicemiology, 
environmental and viral carcinogenesis, and mechanisms of carcino- 
genesis. Applicants should be engaged in research in medical or allied 
sciences and intend to pursue a career in cancer research. Fellow- 
ships normally are awarded for 1 year and are tenable at the agency 
in Lyon, France, or in another suitable institution abroad. In general, 
fellows will be selected from applicants with some postdoctoral 
research experience related to cancer in medicine or the natural 
sciences. Applicants requiring basic training in cancer epidemiology 
will be considered also. They must have an adequate knowledge, 
both written and spoken, of the language of the country in which 
their fellowship is tenable. Applications cannot be accepted from 
persons already holding fellowships enabling them to stucy abroad. 
Applications must reach the agency no later than Dec. 31, 1987. 
Information and application forms: Chairman of the Fellowships Se- 
lection Committee, International Agency for Research on Cancer, 150 
cours Albert-Thomas, 69372 Lyon Cedex 08, France. 


Visiting Scientist Award 1988-1989 


The International Agency for Research on Cancer (IARC) is offering 
one visiting scientist award for 1988-1989. it is intended for an 
established cancer research worker, with a minimum of 5 years 
postdoctoral experience, who wishes to spend 1 year at IARC 
working on the implementation of a collaborative research project 
related to the agency’s own programs in epidemiology, biostatistics, 
environmental and viral carcinogenesis, and mechanisms cf carcino- 
genesis. Applicants must belong to the staff of a university or a 
research institution. They must provide written assurance that they 
will have a position to return to at the end of the period of the award. 
Candidates should submit their applications after consultation with 
an IARC scientific staff member. Applications will be reviewed by the 
Fellowships Selection Committee each year. Applications for the 
1988-1989 award must reach the agency no later than Dec. 31, 
1987. Annual remuneration and the cost of travel will be provided. 
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information and application forms: Chairman of the Fellowships Se- 
lection Committee, International Agency for Research on Cancer, 150 
cours Albert-Thomas, 69372 Lyon Cedex 08, France. 


Duplex imaging 


The Dept. of Radiology, University of California, San Diego, School 
of Medicine, will present a course on duplex imaging Jan. 21-23, 
1988, at the Hotel Inter-Continental, San Diego, CA. Program direc- 
tors: D. W. Ehlers, J. R. Forsythe, and B. B. Gosink. Guest faculty: 
E. F. Bernstein, Barbara Carroll, P. J. Falkoff, and K. J. W. Taylor. 
Category 1 credit: 18.25 hr. Fee: physicians, $375; residents, nurses, 
sonographers, and technologists, $275. information: Dawne Ryals, 
Ryals & Associates, P. O. Box 920113, Norcross, GA 30092-0113; 
(404) 641-9773. 


Uroradiology ’88 


The Society of Uroradiology will present the 8th annual postgrad- 
uate course, Uroradiology ‘88, Feb. 1-4, 1988, at the Stouffer Or- 
lando Resort at Sea World, Orlando, FL. Program director: Jeffrey 
Newhouse. Category 1 credit: 28 hr. Fee: $425. information: Dawne 
Ryals, Ryals & Associates, P. O. Box 920113, Norcross, GA 30092- 
0113; (404) 641-9773. 


Diagnostic Radiology and Nuclear Medicine 


The Dept. of Radiology, Bowman Gray School of Medicine, will 
hold its 8th annual Winter Continuing Education Meeting, Feb. 14- 
21, 1988, at the Frenchman's Reef Beach Resort, St. Thomas, U. S. 
Virgin Islands. A variety of topics will be covered. Registration is 
limited to 100 participants. Category 1 credit: 17 hr. Fee: $500. 
Information: Pat Rice, Dept. of Radiology, Bowman Gray School of 
Medicine, Winston-Salem, NC 27103; (919) 748-2470. 


Radiology in Seville 


The Dept. of Radiology, Mount Sinai Medical Center, Miami Beach, 
FL; the Radiology Association of Southern Spain; and the Interamer- 
ican College of Radiology are sponsoring Radiology in Seville, Feb. 
20-27, 1988, at Hotel Los Lebreros, Seville, Spain. The purpose of 
this symposium is to discuss the latest advances in diagnostic 
imaging and interventional techniques, to bring together radiologists 
from different countries who will have the opportunity of comparing 
and contrasting their practice of radiology, and to encourage the 
mutual cooperation between the radiologists of different nationalities. 
Didactic presentations will be augmented with audiovisuals, and 
informal case presentations will conclude each session. Category 1 
credit: 39 hr. Fee: practicing physicians, $500; residents, fellows, and 
technologists, $200. information: L. R. Kelley, Seminar Coordinator, 
Radiology Seminars Inc., P. O. Box 343762, Coral Gables, FL 33134; 
(305) 674-2681. 


International Conference on Intracavitary 
Chemotherapy 


The 2nd international Conference on intracavitary Chemotherapy 
will be held Feb. 25-27, 1988, at the U. S. Grant Hotel, San Diego, 
CA. The conference will feature presentations by the major groups in 
the United States and Europe who are interested in intracavitary 
chemotherapy for the treatment of cancer. Presentations will include 
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phase |/pharmacokinetic studies of single agents and combinations: 
phase Ii and lil trials in ovarian carcinoma; intraperitoneal treatment 
for gastrointestinal malignancies and mesothelioma; intracavitary bi- 
dlogic response modifiers, monoclonal antibodies, and immunocon- 
jugates; and new concepts: intraperitoneal liposomes, biochemical 
moduiation, very long duration treatment, and intraperitoneal therapy 
with autologous bone marrow transplantation. Category 1 credit: 18 
hr. Fee: physicians, $300; other professionals, $225. Information: 
Office of Continuing Medical Education, M-017, University of Califor- 
nia, San Diego, School of Medicine, La Jolla, CA 92093; (619) 534- 
3940. 


Masters Diagnostic Radiology Conference 


The 7th annual Masters Diagnostic Radiology Conference will be 
held March 6-11, 1988, at the Westin Maui Hotel, Kaanapali Beach, 
Maui, HI. This comprehensive 5-day course will include lectures and 
discussions on chest, skeletal, abdominal, and interventional radiol- 
ogy; neuroradiology; MR imaging; CT; ultrasound; and mammogra- 
phy. The faculty will emphasize new diagnostic signs and concepts 
and techniques, especially ir the areas of the new modalities. Program 
director: M. M. Reeder. Guest faculty: P. Cooperberg, R. McLelland, 
H. Pagan-Saez, D. Resnick, E. Ring, and E. G. Theros. Category 1 
credit: 25 hr. Fee: physicians, $525; residents, fellows, and members 
of the U. S. military, $390. information: M. M. Reeder, M. D., Chair- 
man, Dept. of Radiology, University of Hawaii Schoo! of Medicine, 
1356 Lusitana St., Rm. 808, Honolulu, HI 96813; (808) 531-6471. 


Diagnostic Imaging Down Under 


The Dept. of Radiology, Nu Med Regional Medical Center, West 
Valley, is Sponsoring a series of meetings, Australia-New Zealand 
Diagnostic Imaging Down Under, March 12-27, 1988. George Leo- 
pold and Al Moss wili be joined by Shad Fataar, George Foote, Stuart 
Heap, Alan List, and Bryan Trenwith for meeting sessions March 13- 
14, in Auckland, New Zealand; by David Brazier, Bruce Doust, Robert 
Gil, George Kossoff, Jim Pope, and James Roche for sessions March 
18-20 in Sydney, Australia; and by Bill Hare, Ken Thompson, and 
Brian Tress for meetings March 25-26 in Melbourne, Australia. 
Category 1 credit: pending. Information: Medical Seminars Interna- 
tional, 21915 Roscoe Blvd., Ste. 222, Canoga Park, CA 91304; (818) 
719-7380. 


Spanish Radiology Seminar 


The Interamerican College of Radiology; the American College of 
Radiology; and the Dept. of Radiology, Mount Sinai Medical Center, 
Miami Beach, FL, are sponsoring the 11th Spanish Radiology Semi- 
nar, April 3-8, 1988, at Wolfson Auditorium, Mount Sinai Medical 
Center, Miami Beach, FL. The seminar will include the most recent 
imaging techniques, pathologic-clinical-radiologic correlations, inter- 
esting cases, and question-and-answer sessions. An intensive pro- 
gram for X-ray technologists will be held simultaneously. The seminar 
will be completely in Spanish. it is directed to all Spanish-speaking 
radiologists and physicians in related fields. Fee: physicians, $200; 
residents and technologists, $100. information: Margarita de la Torre, 
Radiology MSMC, 4300 Alton Rd., Miami Beach, FL 33140 (305) 
674-9838. 


Practical Interventional Radiology— 1988 


Massachusetts General Hospital, Harvard Medical School, is spon- 
soring Practical Interventional Radiology—1988, April 25-28, 1988, 
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at the Lafayette Hotel, Boston, MA. Fundamental practices and 
techniques will be reviewed, with an emphasis on the usual (rather 
than the unusual) procedures seen in a general interventional practice. 
Lectures and workshops will allow ample time for interaction between 
faculty members and registramts. The course will consist of separate 
sections on interventional procedures for the chest, abdomen, urinary 
tract, bones, pediatric patients, and vascular tree. Registrants will be 
encouraged to bring interesting or problem cases to appropriate 
workshops for seview. Category 1 credit: 28 hr. Fee: physicians, 
$450: residents and fellows, 3350. Information: Harvard Continuing 
Education, Boston, MA 02118; (617) 732-1525. 


European Cengress of NMR in Medicine and 
Biology 


The Society ef Magnetic Resonance in Medicine, under the aus- 
pices of the World Health Organization, is sponsoring the 2nd Euro- 
pean Congress of NMR in Medicine and Biology, June 23-25, 1988, 
at the international Congress Center in Berlin. The congress is being 
organized by the European Workshop on Nuclear Magnetic Reso- 
nance in Medicine, the European Society for Magnetic Resonance in 
Medicine and Biology, and the European Federation of Organisations 
for Medical Physics. It will incorporate the 6th annual meeting of the 
European Workshop on Nuciear Magnetic Resonance in Medicine 
and the 5th annual congress-of the European Society for Magnetic 
Resonance in Medicine anc Biology. Information: 2nd European 
Congress of NMR in Medicine and Biology, Conference Secretariat, 
c/o Prof. Dr, Roland Felix, Dept. of Radiology, Charlottenburg Uni- 
versity Hospital. Spandauer Damm 130, D 1000 Berlin 19, Federal 
Republic of Germany. 


Internationa’ Symposium on Magnetic Resonance 
imaging 


Baylor College of Medicine, Texas Medical Center, Houston, TX, 
in collaboration with All india Iastitute of Medical Sciences, New Delhi, 
india, is-organizing the International Symposium on Magnetic Reso- 
nance Imaging: Present Issues and Future Challenges to be held 
Dec. 14-16, 1938, at the All india Institute of Medical Sciences, New 
Delhi, India. The symposium will feature lectures and poster presen- 
tations. Program directors: Naresh Prasad and Sneh Bhargava. Cat- 
egory 1 credit: 24 hr. Fee: $85. Information: Naresh Prasad, Ph.D., 
Dept. of Radiolegy, Baylor College of Medicine, Houston, TX 77030; 
(713) 799-4415. 


Correction: international Symposium on Diagnostic 
Imaging 


in the July AJR, an announcement about the 4th International 
Symposium on Diagnostic Imaging was printed. This symposium, to 
be held Oct, 19-23 in Barcelona, Spain, will provide 32 hr of Category 
1 credit. For further information, please see page 216 of the July 
1987 AJR. 


Meeting and Course Feview 


For reader convenience, 4 summary of upcoming meetings and 
courses is provided. Detailediistings are given in the AJR issue given 
in parentheses. 
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Fellowships in Imaging and Interventional Radiology for Physi- 
cians, 1987-1988, times arranged, San Diego, CA (Aug) 

Visiting Fellowships in MR Imaging, times arranged, San Diego, CA 
(Aug) 

Computed Tomography/MRI Update: 1987, Sept. 28-Oct. 2 (July) 
Jack R. Dreyfuss Fellowships, application deadline, Oct. 1 (Sept) 
MRI and Neuroimaging, Oct. 1-3, Bordeaux, France (July) 
Congress on Ultrasonic Examination of the Breast, Oct. 4-5, New 
Orleans, LA (July) 

Angiography and interventional Radiology: 1987, Oct. 5-8, Cam- 
bridge, MA (July) 

Mammography Courses, Oct. 5-8, Nov. 2-5, Boston, MA (Jan) 
American Institute of Ultrasound in Medicine Convention, Oct. 6- 
9, New Orleans, LA (Aug) 

The American Board of Radiology Examinations. Written exami- 
nations: Oct. 8-9, 1987; Oct. 6-7, 1988; Oct. 5-6, 1989. Oral 
examinations: May 23-27, 1988; June 5-9, 1989; all oral examina- 
tions at Louisville, KY (Dec 1986) 

Practical Radiology, Oct. 12-14, Charlottesville, VA (July) 

Society for Medical Decision Making Meeting, Oct. 12-14, Phila- 
delphia, PA (Aug) 

Laser Angioplasty and Interventional Radiology, Oct. 12-14, Bal- 
timore, MD (Sept) 

Neuroradiology and Head and Neck Radiology Course, Oct. 12- 
16, Boston, MA (April) 

Fall Symposium on Diagnostic Imaging, Oct. 12-16, Bermuda 
(Sept) 

Chest Disease: 1987, Oct. 13-16, Boston, MA (July) 

2nd Hellenic Radiological Symposium of Modern Imaging Modal- 
ities, Oct. 15-18, Athens, Greece (Sept) 

Quantitative Thallium Myocardial Tomography, Oct. 19 ard 20, 
Dec. 14 and 15, Atlanta, GA (Sept) 

Current Trends in Diagnostic Radiology, intervention, and Cross- 
Sectional imaging-— 1987, Oct. 19-22, Boston, MA (April) 

Twelfth Annual San Diego Postgraduate Course, Oct. 19-23, 
Coronado, CA, San Diego (July) 

international Symposium on Diagnostic Imaging, Oct. 19-23, Bar- 
celona, Spain (July) 

American Society for Therapeutic Radiology and Oncology Meet- 
ing, Oct. 19-23, Boston, MA (July) 

Advanced Applied Ultrasound in Obstetrics, Nov. 5-7, Naples, FL 
(Aug) 

international Congress of Oral Cancer and Jaw Tumors, Nev. 9- 
14, Singapore (Sept) 

Recent Advances in the Systemic Therapy of Genitourinary Ma- 
lignancies, Nov. 11-14, Houston, TX (July) 

Temporomandibular Joint Conference, Nov. 12-14, Philadelphia, 
PA (July) 

Progress in Impotence: Workshops/Seminars, Nov. 12-14, San 
Diego, CA (Aug) 

The Johns Hopkins Medical Institutions Courses in Abdominal 
and Obstetric Ultrasound: Basic Practicum, Nov. 16-20; Advanced 
Practicum in Ultrasound, Dec. 7-11, Baltimore, MD (Feb) 
Interventional Neuroradiology, Dec. 7-9, Baltimore, MD (Sept) 

3-D Imaging in Medicine, Dec. 10-12, Philadelphia, PA (Sept. 
Computed Tomography Head to Toe, Dec. 14-19, New York (Aug) 
Congress of the Indian Radiological and Imaging Association, 
Jan. 14-16, 1988, Coimbatore, India (June) 

The Society of Gastrointestinal Radiologists Meeting and Post- 
graduate Course, Jan. 16-20, 1988, Nassau, Bahamas {July} 
Breast Imaging 1988, Feb. 1-5, 1988, St. Thomas, U. S. Virgin 
islands (Sept) 

International Congress on interventional Radiology in Cardio- 
Vascular Diseases, Feb. 3-5, 1988, Toulouse, France (Sept) 
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12th Annual Big Sky Radiology Conference, Feb. 7-12, 1988, 
Great Falls, MT (Sept) 

Palm Beach Magnetic Resonance imaging Update, Feb. 15-17, 
1988, West Paim Beach, FL (Sept) 

Pediatric Radiology 1988, March 17-19, 1988, Philadelphia, PA 
(Sept) 

The Society of Thoracic Radiology—Annual Postgraduate 
Course, March 27-31, 1988, Washington, DC (July) 

international Symposium on the Planning of Radiological Depart- 
ments, April 20-23, 1988, Florence, Italy (Sept) 


AJR: 149, October 1987 


AJR carries announcements of courses, symposia, and 
meetings of interest to its readers if received a minimum of 5 
months before the event. There is no charge; receipt of items 
by the AJR Editorial Office is not acknowledged. Submit items 
for publication typed double spaced. Provide title, date, loca- 


tion, brief description, sponsor, course directors, fees, cate- 
gory | credit, and address and telephone number for additional 
information. Faculty from the host institution will not be listed. 
Guest faculty names will appear only if initials are provided. 
Mail news items to AJR Editorial Office, 2223 Avenida de la 
Playa, Suite 200, La Jolla, CA 92037-3218. 





1988 AMERICAN ROENTGEN RAY SOCIETY MEETING 


May 8-13, 1988 
SAN FRANCISCO HILTON HOTEL 
SAN FRANCISCO, CA 


See page 873 and forthcoming issues for further information. 
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American Roentgen Ray Society 88th Annual Meeting 
May 8-13, 1988, San Francisco, CA 


San Francisco Hilton Hotel 


Registration end Hotel Reservations 


Forms for advance registration and hotel reservations will be in the 
February and March 1988 issues of the AJR. 


Refresher Course Program 


A summary of the refresher courses will appear in the AJA in 
February along with advance registration forms. Early registration is 
an advantage im assuring preferred courses in this popular program. 
J. T. Ferrucci, dr., is program director. 


Local Program 


A program cf sight-seeing, shopping, and entertainment will be 
developed by George Janetos, the Local Arrangements Chairman. 
Information anc advance registration forms will be in the February 
issue of the AJP. 


Residents’ Award Papers 


The society offers several cash awards for the best scientific 
Papers prepared by residents in radiology. The President's Award 
has a $1000 prize. There are two Executive Council awards of $500 


each. All are presented at the annual meeting. Papers should be 

submitted by January 31, 1988, for consideration in this competition. 
Send entries to: 

B. G. Brogdon, M.D. 

Dept. of Radiology 

University of South Alabama Medical Center 

2451 Fillingim St. 

Mobile, AL 36617 


Associated Society Meetings 


Society for Pediatric Radiology 

The Society for Pediatric Radiology will hold its 31st annual meeting 
April 27-May 1, 1988, at the Hotel Del Coronado, Coronado, CA 
(San Diego, CA). The SPR 1989 annual meeting will be April 5-9, 
1989, at The Four Seasons Hotel, San Antonio, TX. For details, 
contact Donaid R. Kirks, M.D., Secretary, Society for Pediatric Ra- 
diology, c/o Dept. of Radiology, Childrens Hospital Medical Center, 
Elland and Bethesda Aves., Cincinnati, OH 45229-2899, (§13) 559- 
8058. 


Deadlines 


Residents’ Award papers: January 31, 1988 
Membership applications: February 1, 1988 
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Invitation to Membership in the American Roentgen Ray 


Society 


During the American Roentgen Ray Society’s (ARRS) 1985 
meeting in Boston, society members approved several 
fundamental changes in the membership application process 
and created a new category of membership: members-in- 
training. Also, active members are no longer required to 
document contributions to radiology by way of teaching or 
scientific publications. 


Active Membership 


Candidates for active membership must be graduates of 
an approved medical school or hold an advanced degree in 
one of the physical, chemical, or biological sciences. Each 
must be board certified and active in the practice of radiology 
or one of its branches in the United States or Canada. 
Applicants must be endorsed by two members of the ARRS, 
not necessarily residents of the same community. 


Members-in-Training 


The new members-in-training membership category is re- 
served for physicians in a radiology residency or a postresi- 
dency program approved by the Radiology Residency Review 
Committee of the American Council of Graduate Education 
and for postgraduate students in allied sciences. The status 
is limited to 5 years, starting with the entrance date into the 
radiology residency. In the fifth year, members-in-training are 
eligible for transfer to active membership. 


Corresponding Members 


Corresponding members shall be physicians and/or scien- 
tists residing in foreign countries who are active in the science 
of radiology or allied sciences and who are in good ethical 
standing in the respective countries. They shall pay dues, but 


shall not have the privilege of voting nor of holding elective 
office. They may be members of special committees. 


Dues and Initiation Fees 


A new schedule of fees and dues has been established. 
Initiation fee for active members is $50. There is no initiation 
fee for members-in-training. Annual dues for active and cor- 
responding members are $125, payable on July 1 of each 
year. The dues payment includes a 1-year subscription to the 
American Journal of Roentgenology (AJR) and waiver of the 
annual meeting registration fee. Dues for members-in-training 
are $25 and include a year’s subscription to the AJR and 
waiver of meeting fees. AJR subscription rates for domestic 
nonmembers will be $90 for 1987. The resident subscription 
rate will remain $25 for residents who do not elect to become 
members-in-training. Nonmember residents will have a $25 
meeting registration fee. 

A membership application form is in this issue of the journal. 
Applications for active membership should be received by 
February 1 for action during the annual meeting in May. 
Members-in-training will be eligible for membership upon re- 
ceipt and processing of the completed application form. 

Initiation fees and dues should not accompany the appli- 
cation but are payable after election upon notice by the 
treasurer. 

The American Roentgen Ray Society continues to be a vital 
force in providing an educational forum for the radiologic 
community. As it embarks on a program of a broader base of 
membership, we cordially welcome all those who are eligible. 
Thus, | urge you to complete the application and forward it to 
Paul Fullagar, Administrative Director, ARRS, 1891 Preston 
White Dr., Reston, VA 22091 

Glen W. Hartman 
Secretary 


American Roentgen Ray Society Membership Application 





Dála angsana ar oe Category (check one) M Active 

M Corresponding 

C In-Training 

i Namen Tal ronu ave nv le en a ac lat ti sce Sata eet 

Address & 20 COO ns R -Date of Briass 
EE e ah E AAA L Ra ea ell care EE gs SWAIN CS ee 
aree 
Education institution Years Degree/Type 
Undergraduate: eee 
Graduate {medical school, graduate school, etc.): 


ammer AAEN AAA D AANE A AAAA R A aA annaa 





Licensed to practice i i EEEE 
{type} (state, province, etc.) 





aeania nanana tiie as Rene eee aaan nei aaam mmama ine 


Active and comesponding membership applicants, complete this section. In-training applicants, turn to reverse side. 


Practice limitec to radiology or one of its branches for years, since (date) ____. 


Present appointments: Academic tt 


scene ace te acemmeane energy op AA tA AA MARR RE in AAA aaa e eeann AAAS ITT Tore a AARRARAA RRA ANAL RAE RE ETE CTT THT LA ATAPI TTT THAIN APARNA A TAT 


Government:service (military, civilian) -=== anae aa eai SSS 





Credentials 
| hereby certify that | was issued a certificate of qualification in ______ TF 





{an American Medical Specialty Board or the Royal College of Canada) 
continued overleaf 


Other credentials 





9 [| UF {an ee nee eee eee A 


We, active members in good standing of the American Roentgen Ray Society and personally acquainted with the applicant, do recommend him/ 
her for Active Membership in the society. Two references are required. 


Name (print/type) O PE ere Sl, mn <a et pa er eet ee a 


Address tN Seah el oath on sort eS a a a a She western ie a 


Signature I eee R AEE E ee re ee nema ee eA eT Pa Ra clea eet 


in-training applicants must complete this section 


Credentials 
| certify that | am serving as a resident/feliow in 
| ese a erect ee ee Ee A ee ee ee E eee ated __. Date program begins (began) iS nee 
(institution) 
aa cee a tds tends . Funderstand the in-training 





Training director’s certification. 


| certify the applicant is a trainee at the institution named and qualifies for enrollment as a member-in-training of the American Roentgen Ray 


Society. Name (Drini) neia cats” MMMM Sc cg ee es es a ae 


Address anne UU 


General Information 


Candidates for Active Membership 


1. 


D 


An active member must be a graduate of an approved medical school or hold an advanced degree in one of the physical, chemical, or biological sciences and be 
certified by the American Board of Radiology, the Royal College of Physicians of Canada, or document training and credentials that are adequate to qualify for 
membership. Active members shail actively practice radiology or one of its branches in the United States or Canada. Such members are eligible tọ participate in 
all activities of the society, including membership on committees, and have full voting privileges. 


. Application must be on an official form, signed by the applicant and at least two active members of the American Roentgen Ray Society, in good standing, who 


endorse the applicant. 


. Initiation fee is $50. 
. Annual dues are $125, payabie on July 1 of each year. Of this amount, $50 is for a 1-year subscription to the American Journal of Roentgenology, beginning with 


the July issue for the year following election to membership. 


. Application must be received by February 1 for action during the 1988 meeting. 


Candidates for In-Training Membership 


t. 


4. 


9: 


in-training members must be serving in a radiology residency or a postresidency fellowship program approved by the Radiology Residency Review Committee of 
the American Council of Graduate Medical Education or be a postgraduate student in an allied science. Training status must be verified by the program director. 
in-training members have special consideration in fees and subscription rates to the society journal. Such members cannot hold society offices or vote. 


. Application must be on an official form and signed by the applicant and by the applicant's training or residency program director. 
. In-training status is limited to 5 years starting with the entrance date into the radiology residency. In the fifth year, each in-training member will receive an 


application for transfer to active membership from the society secretary. Those who do not apply for transfer to active membership shall be dropped from 
membership at the end of the fifth year. 

There is no initiation fee. Annual dues are $25. Membership includes a subscription to the American Journal of Roentgenoiogy and admission to the annual 
meeting without registration fees. 

Membership applications will be acted on when received. 


All Applicants 


1, 
2. 


Do not remit initiation fee or dues until requested by the treasurer. 
Send completed forms to: Paul Fullagar 

Administrative Director 

American Roentgen Ray Society 

1891 Preston White Dr, 

Reston, VA 22091 


Classified Advertisements 


Positions Available 


BOARD-CEATIFIED RADIOLOGIST—5man group, 
in deep South, seaks associate for position 
leading to partnership. Group serves a full- 
modality clinic with GE-MRI, CT, nuclear medi- 
cine, and ultrasound and a 300 + bed tertiary 
care hospital and 2 smali feeder hospitals. indi- 
vidual must possess above-average skills in 
general radiology. ultrasound, CT, and nuclear 
medicine. Angiograpny and MR desirable but 
not essential. Fellowship or demonstrated sub- 
specialty interest ard skilis a plus. Send CV and 
3 suitable references to Box Y53, AJR (see ad- 
dress this section). 19-12a 


LOCUM-DIAGNOSTIC RADIOLOGIST needed 
immediately for expanding group in southwestern 
NH. Possible long-term opportunity. Experience 
in CT, ultrasound, nuciear medicine, and interven- 
tion desirabie, Cail Maurice McLachlan, M.D., dur- 
ing work hours at (603) 352-4111, ext. 1285 or 
(603) 924-7191, ext. 4150. 10a 


BOARD-CERTIFIED RADIOLOGIST—Expanding, 
multistate, midwestern group, practicing in 
hospitals, clinics, and imaging centers, seeks 
board-certified radiologist. Progressive individuals 
with general diagrostic and MRI background 
preferred. Excellent benefit program. Send CV to 
Guy Syvertsen, M.D., Senior Vice-President, 
Radiology Consulting Associates, 30680 Bain- 
bridge Rd., Solen, OH 44139. 10-12a 


NEURORADIOLOGIST to begin immediately. 
Assistant/Associate Professor of Diagnostic 
Radiology to join a section staffed with a chief, 
a second neuroradiologist, 2 fellows, and 
residents. Neuro fedowship. ABR or equivalent, 
and must meet requirements for licensure in the 
state of Maryiane. Clinical, teaching, and 
research responsibilities included. For informa- 
tion, contact Josepa Whitley, M.D., University of 
Maryland Hospita!, Dept. of Diagnostic Radiology, 
22 S. Greene S., Baltimore, MD 21201; 
(301) 328-3477, 10a 


CHIEF OF DIAGNOSTIC RADIOLOGY now open 
at Baltimore VA Medical Center. Full-time position 
with employment passible either between VA and 
University, or fulltinee VA. Construction of new VA 
underway to physically unite the VA hospital with 
the University (1980). Previous academic ex- 
perience and productivity, ABR or equivalent, and 
must meet requirements for licensure in the state 
of Maryland. For -nformation, contact Joseph 
Whitley, M.D., Einiwersity of Maryland Hospital, 
Dept. of DiagnosticRadiology, 22 S. Greene St., 
Baltimore, MD 27291; (301) 328-3477. 10a 


THE WEST LOS ANGELES VA MEDICAL 
CENTER and the UCLA School of Medicine are 
jointly recruiting a Chief of Radiology to develop 
an integrated program in radiology at the 
Wadsworth VAMC. Applicants must qualify for VA 
employment as weil as appointment at the 
Associate Professor or Professor level at UCLA. 
This is an equal employment opportunity position. 
if interested, please contact Charlies M. Haskell, 
M.D., Chair, Raciolagy Search Committee, West 
LA VAMC [WHI N}, Los Angeles, CA 90073; (213) 
824-6661. Equal employment opportunity 
employer. 10a 


SECTION HEAD, CROSS-SECTIONAL IMAG- 
ING-——The University Hospital is seeking a board- 
certified radiologist experienced in ultrasound and 
body CT for the:position of Section Head. Exper- 
tise in clinical servece, research, and adminstra- 
tion are required. Experience in body MRI would 
be helpful but is net necessary. Salary and rank 
commensurate with experience. Please contact 
Wiliam W. Olmsted, M.D., Professor and Direc- 
tor, Division of Diagnostic Radiology, The George 
Washington Univers'ty Medical Center, 901 23rd 
SE, NW., Washington, DC 20037. Affirmative ac- 
tion/equal opportunity employer. 10a 


UNIVERSITY OF CALIFORNIA, SAN FRAN- 
CISCO MEDICAL CENTER, Dept. of Radiology. 
Two unexpected openings available July 1, 1988. 
One-year clinical instructor appointments for 
board-eligible or certified radiologists who have 
just completed a residency/fellowship. Oppor- 
tunities in research and teaching. One position 
in the Diagnostic Ultrasonography Section, which 
performs 9,000 examinations/yr with major em- 
phasis on abdominal and obstetric sonography 
(especially high-risk obstetric patients). Another 
position in CT/ultrasonography includes body CT 
imaging with state-of-the-art equipment (ultrafast 
scanner) and some body MRI exposure. Reply 
with CV to Roy A. Filly, M.D., Box 0628, UCSF, 
Dept. of Radiology, San Francisco, CA 94143. 
University of California is an equal opportunity/ 
affirmative action employer. Women, minorities, 
and handicapped individuals are encouraged to 
apply. 10a 


DIAGNOSTIC RADIOLOGIST—immediate open- 
ing in Tampa, FL. Board certification and Florida 
license required. All modalities including MRI. At- 
tractive benefits. Call (813) 875-2818. 10-12a 


BOARD-CERTIFIED DIAGNOSTIC RADIOLOGIST 
to join multispecialty private corporation with a 
well-equipped X-ray area, dedicated mam- 
mography, nuclear medicine, high-resolution real- 
time ultrasound, and whole-body CAT scanner. 
Send CV and reply to Administrator, Jonnson 
Clinic, PC., PO. Box 315, Rugby, ND 58368. 
10-11a 


ASSISTANT CLINICAL PROFESSOR/ASSIS- 
TANT PROFESSOR IN RESIDENCE, Letterman 
Army Medical Center/University of California, San 
Francisco. Full-time position available for GI/CT 
radiologist. Ultrasound and MR experience would 
be heipful. Requirements include California 
medical license, board certification, and 
demonstrated teaching and research experience. 
Responsibilities are clinical service, teaching 
residents, research, shared night call, supervis- 
ing emergency ultrasound, CT, angiography, and 
interventional procedures. Prefer candidate with 
teaching experience in an academic institution. 
Position open until filled. University of California 
is an equal opportunity/affirmative action 
employer. Minorities, handicapped, and women are 
encouraged to apply. Send CV to UCSF, Dept. of 
Radiology, Box 0628, San Francisco, CA 94143, 10a 


DIAGNOSTIC RADIOLOGIST—iImmediate open- 
ing. Interventional and special procedures exper- 
tise preferred. Training in CT, MR, ultrasound, and 
nuclear medicine welcome. Group practice in 
greater Chicago area. For more information write 
or call Leon E. Kinasiewicz, M.D., St. Anthony 
Medical Ctr, Main at Franciscan Rd., Crown 
Point, IN 46307; (219) 738-2100. 10~-12a 


ANGIOGRAPHER/INTERVENTIONALIST— 
Board-certified diagnostic radiologist with fellow- 
ship training wanted to join 5-member dept. in a 
214-bed community hospital. Group also active in 
busy outpatient facilities and MRI. Contact Jon 
Robins, M.D., or Edward Janon, M.D., 6699 Alva- 
rado Rd., Ste. 2100, San Diego, CA 92120; 
(619) 583-4214. 10-11ap 


NEURORADIOLOGIST—The Graduate Hospital, 
a center-city Philadelphia hospital and leading af- 
filiate of the University of Pennsylvania, is seek- 
ing a neuroradiologist for an outpatient imaging 
center with new state-of-the-art CT, ultrasound, 
x-ray, and MRI (GE Signa 1.5 T). Competitive 
salary and benefits with opportunity for clinical 
research. Call D. P Mayer, M.D.; (215) 893-7664. 
10a 


DIAGNOSTIC RADIOLOGIST to work with a 
group covering both hospital and private practice. 
CT, ultrasound, and angiography. 1 hr from 
Boston. Please reply to Box X16, AJR (see ad- 
dress this section). 9-ttap 


DIAGNOSTIC RADIOLOGIST—Immediate open- 
ing for board-certified radiologist fcr hospital- 
based radiology group in Westchesier County 
near New York City. Training and/or experience 
in ultrasonography and CT; some training in in- 
terventional technique also needed. Gompetitive 
salary and benefits. Submit CV to S. Fuljic, M.D., 
127 S. Broadway, Yonkers, NY “G701. 10a 


UNIVERSITY OF OTTAWA, CHAIR OF RADI- 
OLOGY—Applications are invitec for the position 
of Professor and Chairman of the Dept. of 
Radiology, University of Ottawa, School of 
Medicine. The appointee must have the leader- 
ship qualities and experience to undertake 
responsibility for research, undergraduate and 
postgraduate medical education andthe coordi- 
nation of educational activities in the major af- 
filiated teaching hospitals—namely, ‘he Ottawa 
Civic Hospital, the Ottawa General Hespital, and 
the Children’s Hospital of Eastern Ontario. 
Suitable candidates should be eligible for cer- 
tification by the Royal College of Physicians and 
Surgeons of Canada and for licensure by the Col- 
lege of Physicians and Surgeons of Ontario. in 
accordance with Canadian immigration re- 
quirements, priority will be given to Canadian 
citizens and permanent residents of Canada. Ap- 
plications, including CV ard appropriate 
references, should be forwarded before 
November 15, 1987, to Gilles D. Hurteau, M.D., 
Dean, Faculty of Health Sciences, University of 
Ottawa, Ottawa, Ontario KIH 8M5. Da 


TEXAS, DIAGNOSTIC RADICLOGIST— 
immediate cpportunity for board-certified physi- 
cian as associate with existing group of 3 
radiologists in northeast Texas community of 
27,000 (service area population, 150,000). All 
modalities, including MRI and interventional 
radiology, required for regional mecical center. 
This position offers a quality lifestyle in a family- 
oriented community with a strong economy and 
easy access to major metropolitan area. Com- 
petitive incentive package and option for early 
ownership. Please send CV in confidence or call 
Physician Resource Network, 7 O. Box 37102, 
Fort Worth, TX 76117; (817) 595-1128. 10a 


CHIEF, RADIOLOGY SERVICE—Veterans Admin- 
istration Medical Center, Augusta, GA, is seeking 
a qualified radiologist to serve as Chief of Radi- 
ology Service. Board certification required. Sub- 
specialty interest in chest, skeletal, Gl, or 
interventional radiology is desirable but not 
essential. Faculty appointment commensurate 
with qualifications and experience. This 1142-bed 
tertiary care medical center is affiliated with the 
Medica! College of Georgia (MCG). Augusta en- 
joys a moderate climate, reasonable cost of liv- 
ing, numerous recreational facilities, and 
institutions of higher learning. Augusta is known 
as the Garden City of the South and home of the 
Masters Golf Tournament. An equal: opportunity 
employer. For additional information, contact 
Henry M. Althisar, Sr, M.D., Chief of Staff, at 
(404) 823-2224, 10a 


BOARD-CERTIFIED RADIOLOGIST with fellow- 
ship training in nuclear medicine for position 
beginning July 1, 1988. Nuclear medicine is an 
advanced, active section with enphasis on state- 
of-the-art equipment in cardiac nuclear medicine. 
612-bed teaching hospital. Radiology group is an 
academically oriented private practice. Send in- 
quiries to Stanley Grossman, M.D., Chief, Nuclear 
Medicine Section, Dept. of Raciology, The 
Western Pennsylvania Hospital 4800 Friendship 
Ave., Pittsburgh, PA 15224. 10-12a 


PROGRESSIVE, SOUTHERN CALIFORNIA, 
PRIVATE-RADIOLOGY GROUP seeking cardiac 
radiologist for major cardiology/cardiac surgery 
practice with substantial adult amd pediatric 
material. Please send inquiries and CV to Box 
X18, AJR (see address this section’. 9-10a 
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RADIOLOGIST, MRI-TRAINED required for large 
dynamic group at Rhode island Hospital. This 
position offers an exceptional opportunity for a 
qualified MRI expert to help set up an MRI Sec- 
tion and introduce MRI to the community. Rhode 
Island Hospital is a large, tertiary hospital affiliated 
with Brown University. The position requires the 
teaching of both staff and residents in this new 
imaging modality. Residency program affiliated 
with Brown University; clinical university appoint- 
ment available; board certification required. Send 
CV to A. C. Moon, M.D., Rhode Island Hospital, 
593 Eddy St., Providence, Ri 02902. 10a 


THE UNIVERSITY OF ARIZONA, DEPT. OF 
RADIOLOGY is recruiting a Section Head of 
Thoracic Radiology and abdominal imaging 
radiologist for the University Medical Center and 
a General Radiologist for the VA Medical Center. 
Candidates should be trained in appropriate im- 
aging modalities and invasive techniques, and in- 
terested in teaching and research. income and 
academic rank are negotiable. The University of 
Arizona is an affirmative action/equal opportunity 
employer. Contact Bruce J. Hillman, M.D., Vice- 
Chairman, Dept. of Radiology, University of 
Arizona Health Sciences Center, Tucson, AZ 
85724; (602) 626-7368. 9~2a 


ULTRASOUND/CT/MRI—THE DEPT. OF RADI- 
OLOGY, GEORGETOWN UNIVERSITY HOSPITAL 
is seeking a board-certified, academic radiologist 
with experience in body imaging. Appointment 
will be at the Assistant or Associate Professor 
level. Equipment includes Acuson and ATL. ultra- 
sound units, GE 9800 CT scanners, Siemens 1.5T 
MR, and a Varian 4.7T spectral imager for animal 
research. Over 10,000 body imaging studies are 
performed annually including a wide range of in- 
vasive procedures, Doppler ultrasound, en- 
dovaginal and transrectal sonography, and 
neurosonography. Submit CV in confidence to 
Robert K. Zeman, M.D., Professor and Clinical 
Director of Diagnostic Radiology, Georgetown 
University Hospital, 3800 Reservoir Rd., NW., 
Washington, DC 20007. An equal opportunity/ 
affirmative action employer. 9-10a 


HOSPITAL-BASED GROUP IN PACIFIC NORTH- 
WEST with private practice limited to ultrasound 
and nuclear medicine seeks associate with exten- 
sive training in these subspecialties. BC/BE in 
nuclear medicine/radiology preferred. Send CV 
to Michaei Daly, M.D., Nuclear Medicine/Uitrasound 
Section, 2801 N. Gantenbein Ave., Portland, OR 
97227. 9~10ap 


SEEKING ACADEMIC ASSOCIATE IN NEURO- 
RADIOLOGY at Assistant or Associate Professor 
level. Clinical experience at University Hospital, 
VA Hospital, Children’s Hospital. Research oppor- 
tunity, equal opportunity employer, latest genera- 
tion MRI, CT, and angiography. Salary negotiable. 
Contact Edgardo Angtuaco, M.D., University of 
Arkansas for Medical Sciences, Slot 581, 4301 W. 
Markham, Little Rock, AR 72205. 9-11a 


RADIOLOGIST—A board-certified/board-eligible 
radiologist with experience is needed to join the 
staff of the Alaska Native Medical Center, a 
170-bed referral facility for a state-wide system of 
indian Health Service hospitals and clinics. Prac- 
tice stimulating and challenging radiology in a 
relaxed and casual atmosphere. State-of-the-art 
in-house CT, sonography, and mammography. 
Send CV to W. M. Cox, M.D., PO. Box 10-7741, 
Anchorage, AK 99510-7741. EOE. 9-2a 


RADIOLOGIST, BOARD-CERTIFIED/ELIGIBLE— 
4 Mayo Clinic-trained radiologists have a position 
available in a hospital-based practice that in- 
cludes angiography and other invasive pro- 
cedures, diagnostic radiology, CT, ultrasound, 
nuclear medicine, and MRI. 4-yr university train- 
ing required. Liberal vacation and seminar time. 
Low buy-in and early full partnership. Locum 
tenens assistance desired until a permanent 
associate is obtained. Send CV and 3 references 
with initial letter of inquiry to Box 2818, Waterloo, 
IA 50704. 8-10a 


CLASSIFIED ADVERTISEMENTS 


GENERAL DIAGNOSTIC RADIOLOGIST to join 
9-man private group practicing in active 450-bed 
teaching hospital in desirable southwestern Con- 
necticut community. Radiology dept. equipped 
with GE 8800 and GE 9800 CT scanners, state- 
of-the art Special Procedure Suite, and a very 
active ultrasound lab. MRI to be added soon. Can- 
didate must be board certified and have at least 
1 yr of postresidency training. Skills in general 
angiography essential. Experience in CT and 
ultrasound required. MRI experience and im- 
mediate availability desirabie. Please direct in- 
quiries and CV to William B. Goldstein, M.D., 
Chairman, Dept. of Radiology, Danbury Hospital, 
24 Hospital Ave., Danbury, CT 06810. 9-10a 


RADIOLOGISTS NEEDED—The VA Medical 
Center in Syracuse is creating an inhouse Dept. 
of Radiology, and is recruiting for Chief of 
Radiology Services and for 3 staff radiologists; the 
positions will be available July 1, 1988. This 
Medical Center is closely associated with the 
SUNY Health Science Center at Syracuse, and 
candidates should have interests in teaching and 
research, and be able to qualify for faculty 
appointments at the appropriate level. Candidates 
for the position of Chief should have leadership 
ability and administrative credentials. Excellent 
federal benefits include 30 days paid vacation, 15 
days of sick leave, and 10 paid holidays. Applica- 
tions inciuding a CV should be directed to H. R. 
Helistrom, M.D., Chairman, Radiology Search 
Committee, VA Medical Center, 800 Irving Ave., 
Syracuse, NY 13210. Equal opportunity employer. 
9-10a 


CHAIRPERSON, DEPT. OF RADIOLOGY— 
297-bed, growing community hospital in suburban 
Pittsburgh. Candidate should be board certified 
in radiology with demonstrated broad clinical ex- 
pertise, as well as significant administrative ex- 
perience. Please send letter outlining above as 
well as full CV to David Berk, M.D., 9104 Babcock 
Bivd., Pittsburgh, PA 15237. 9-10a 


DIAGNOSTIC RADIOLOGIST—7-man group 
seeking BC/BE radiologist to join busy practice 
in $30-bed community hospital. State-of-the-art in 
ail modalities. Position available 10/87. Nuclear 
medicine training a plus. Contact Arthur F. Bishop, 
M.D., Methodist Medical Center, 221 N.E. Glen 
Oak, Peoria, IL 61636; (309) 672-5586. 8-10a 


ISRAEL, DIAGNOSTIC RADIOLOGY. Opportun- 
ities for 3-4 week or longer working vacations in 
a number of israeli medical centers, on a volun- 
teer basis. Positions varied, arrangements flexi- 
ble. For information contact: Jonathan H. Fish, 
M.D., 1844 San Miguel Dr., #302, Walnut Creek, 
CA 94596; (415) 947-0560. 8xa 


BOARD-CERTIFIED RADIOLOGIST to join 
12-member dept. and 625-bed hospital and 
associated private office. All modalities of 
radiology performed. Have a 1.5-T GE MRI opera- 
tion and 2 CT scanners, one of which is a GE 
9800 quick scan. Large ultrasound and nuclear 
medicine section. New angiographic suite being 
completed. Active residency program. Please 
send resume to H. E. Yeagley, M.D., Dept. of 
Radiology, Reading Hospital and Medicine 
Center, Reading, PA 19603. 7-10a 


NEURORADIOLOGIST—Applications are being 
sought for a neuroradiologist for a 560-bed 
teaching hospital/private office. New 1.5-T MRI 
unit soon to be operational. Candidate should be 
board certified preferably with 2 yr of neurora- 
diology feilowship. Training in MR, CT, angi- 
ography, and myelography necessary. Send 
current CV to R. William McConnell, M.D., Chair- 
man, Dept. of Radiology, Number 9, Doctor's 
Park, Greenville, NC 27834. 7-12a 


DIAGNOSTIC RADIOLOGIST—Position for 
board-certified radiologist with special experience 
in ultrasound and mammography. Join group 
serving imaging centers and hospital with MRI, 
CT, and nuclear medicine facilities. Reply to 
M. Fogg, P. O. Box 540131, Houston, TX 77254. 
10-11a 


AJR: 149, October 1987 


PEDIATRIC RADIOLOGIST—Large metropolitan 
hospital with busy pediatric practice needs pedi- 
atric radiologist. Practice should be more than 
£0% pediatric. Very busy in ICU. Board certifica- 
ton mandatory. Practice includes CT/MRI. Write 
cr call Randy Greene, M.D., 2801 N. Gantenbein, 
Portland, OR 97227; (503) 280-4032. 9~11a 


PARTNER DESIRED—Board-certified/eligibie 
radiologist desired to share position in a small, 
stimulating community hospital in a desirable 
vacation area of northeastern Wisconsin. Must 
enjoy general radiology, mammography, nuclear 
medicine, ultrasound, and CT. Please send CV to 
Box X21, AJR (see address this section). 9-10a 


EC/BE RADIOLOGIST to join 2 other radiologists 
in hospital-based practice in southeastern US. 
Town has a population of 15,000 with a broad 
economic base and a large referral area. Near the 
Gulf of Mexico and Atlantic Ocean. CT, MRI, ultra- 
sound, angiography, mammography, and general 
diagnostic work. Prefer individual with fellowship 
or additional training in MRI. Send CV to Box X25, 
AJR (see address this section). 9~11a 


BC/BE RADIOLOGIST—immediate opportunity 
available to join 6-member group. All modalities 
present. Group services 2 hospitais and has 2 
offices in south Florida, East Coast. Interventional 
fellowship would be beneficial. David Harr, M.D., 
1845 Tarpon Ln., G-101, Vero Beach, FL 32960. 
10-12a 

ULTRASOUND/CT/MRI—Seeking board- 
certified radiologist specializing in sectional body 
imaging to pursue academic practice at the 
University of Alabama at Birmingham. Expanding 
1400-bed medical complex performs over 10,000 
imaging examinations per yr with state-of-the-art 
equipment, including 2 Acuson units, 2 G.E. 9800 
CT scanners, and high- and low-field MRI units. 
Special interest in abdominal Doppler ultrasound. 
Position includes clinical, teaching, and research 
responsibilities. Send CV to Lincoin L. Berland, 
M.D., Dept. of Radiology, University of Alabama 
at Birmingham, 619 S. 19th St., Birmingham, AL 
35233. 8-1ta 


Positions Desired 


CHIEF RESIDENT of a major southern university, 
4-yr radiology program seeks general-practice 
employment starting July 1988. interested in prac- 
ticing ail modalities including angiography and in- 
terventional. | have MRI training. Working and 
community environment and patient care are 
more important than salary. For CV and 
references please write 6320 Ackel #242, 
Metairie, LA 70003. 10b 


DIAGNOSTIC RADIOLOGY GROUP with exten- 
sive military, academic, and private practice ex- 
perience desires full-service practice opportunity, 
Expertise in all areas including MRI, CT, Doppler 
ultrasound, mammography, and interventional 
procedures. Prefer western states. Reply Box Y55, 
AJR (see address this section). 10-11bp 


CARDIOVASCULAR RADIOLOGIST—Recent 
Harvard fellowship, B/C radiologist desires to 
develop aggressive angioplasty, cardiac imaging 
service for private group. Send inquiries to PTA, 
4351 Bender Ct., Troy, Ml 48098. 10-11b 


DIAGNOSTIC RADIOLOGIST—ABR-certified and 
eligible for special competency certification in 
nuclear medicine seeks hospital-contract/private- 
practice opportunity in a community within 50 mi 
of a major city. Has fellowship training in neuro- 
radiology, CT, ultrasound, angiography, interven- 
tional radiology, special competency training in 
nuclear medicine (including SPECT), and limited 
experience in MRI. Available before Jan. 1988. 
Please address all inquiries to Box X23, AJR (see 
address this section}. 9-10b 
BOARD-CERTIFIED AIR FORCE RADIOLOGIST 
desires genera! outpatient (private/HMO/ 
multispecialty) position beginning August 1988. 
Has 12-yr experience that includes chairmanships 
of three major USAF Medical Center dept. Reply 
A. Daley, M.D., 6306 Wilmington Dr, Burke, VA 
22015; office (301) 981-4222. 7~10b 


AJR: 149, October 1987 


Fellowships and Residencies 


DEPT. OF RADIOLOGY, UNIVERSITY OF 
ROCHESTER MEDICAL CENTER—One-year 
fellowship positions available Juk 1, 1988, or 
July 1, 1989. Positions include neuroradiology, 
cardiovascular/angiegraphy, ultrascund/CT/MRI, 
and pediatric radiclogy. Requirements include 
board eligibility or certification in diagnostic 
radiology and an accredited radiolagy residency. 
Candidates must be licensed or eligible to obtain 
a license to practice medicine in the state of New 
York. Apply by Dec. 1 of the year before the 
fellowship starting date. Contact Beverly P Wood, 
M.D., Box 648, University of Rochester Medical 
Center, Rochester NY 14642. University of 
Rochester is an affirmative action. equal oppor- 
tunity employer. 10-3c 
CARDIOVASCULAR-INTERVENTIONAL RADI- 
OLOGY FELLOWSHIP—Available July 1, 1988. 
One-year fellowship program at a 7&D-bed teaching 
hospital. Extensive clinical experience involving 
all aspects of cardiovascular imaging, interven- 
tional vascular and ronvascular procedures, and 
availability for elinical or animal research. Send 
CV and inquiries to Oscar H. Gutierrez, M.D., 
Dept. of Radiology, Box 648, University of 
Rochester Medical Center, Rochester, NY 14642. 
EQ/AA/M-F employer. 10-3c 


MAMMOGRAPHY/CHEST RADIOLOGY FEL- 
LOWSHIP—The Dept. of Radiology and Radiol- 
ogical Sciences of Vanderbilt University Medical 
Center announces the initiation c? a t-yr fellow- 
ship program combining training and opportun- 
ities for research in breast imaging and chest 
radiology. The program includes participation in 
Clinical aspects of breast cisease-detection with 
ample opportunity to investigate radiographic- 
pathologic correlation. Additionaliy, MRI is avail- 
able for utilization as both a clinical and research 
tool. Applications ‘or this fellowship position, to 
begin July 1, 198€, are invited. For futher infor- 
maiton contact Riehard M. Heller M.D., or Alan 
C. Winfield, M.D., Dept. of Raciology, Vanderbilt 
University Medical Center, Nashvilie, TN 37232 or 
(615) 322-3747. Vanderbilt Univessity is an affir- 
mative action, equal opportunity employer. 10-12c 
VISITING ULTRASOUND FELLGWSHIPS, VAN- 
COUVER, 8.C.—Year-round basis. Fellowships 
are 1-12 wk at the University of British Columbia. 
under Peter L. Cooperberg, M.D. Heavy ultra- 
sound caseload, with Doppler and real-time 
techniques empasized. Contaci Director, St. 
Paul's Hospital, 1081 Burrard St., Yancouver, B.C.. 
V6Z1Y6, Canada. 10c 


NEURORADIOLOGY FELLOWSHIP to begin July 
1988. All imaging modalities are integrated, with 
emphasis on CT, angiography, and MRI. The 
University of Maryland Medical System is a 
750-bed tertiary care center and-major teaching 
institution that performs 160,000 examinations 
annually. For information, contact Joseph Whitley, 
M.D., University of Maryland Haspital, Dept. of 
Diagnostic Radiology, 22 S. Greene St., Balti- 
more, MD 27201; (301) 328-3477. 10c 


INTERVENTIONAL RADIOLOGY FELLOWSHIP— 
The Mallinckrod! Institute of Radiclogy am 
nounces a new tyr fellowship position starting 
July 1, 1988 in Vascular ane Interventional 
Radiology. Matlinckrodt Institute cf Radiology pro- 
vides radiology services to Barres Hospital and 
Children’s Hospital totaling approximately 1300 
beds. The fellow will be involved in all ranges of 
vascular and nonvascular interventional radiology 
including angiography, venography, lymphangic- 
graphy, percutaneous transhepatic cholangic- 
graphy, biliary drainage and biliary stone 
management, percutaneous nephrostomy and 
percutaneaus renal stone management, abscess 
drainages, gastrostomy placements, angioplasty, 
embolization, thrombolysis, percutaneous vena 
cava filter placement, and percutaneous endo- 
scopy. Send inguiries to Daniel Picus, M.D., 
Chief, Vascular amd Interventione’ Radiology, Mal- 
linckrodt Institute of Radiology, S10 S. Kingshigh- 
way, St. Louis, MO 6311C: (314) 362-2900. 9-11c 


CLASSIFIED ADVERTISEMENTS 


IMAGING FELLOWSHIPS to begin July 1988 em- 
phasizing body CT, sonography, and MRI. The 
University of Maryland Medical System is a 
750-bed tertiary care center and major teaching 
institution, performing 160,000 examinations an- 
nually. For information, contact Joseph Whitley, 
M.D., University of Maryland Hospital, Dept. of 
Diagnostic Radiology, 22 S. Greene St, 
Baltimore, MD 21201; (301) 328-3477. 10c 


PEDIATRIC RADIOLOGY FELLOWSHIP at 
Children’s Hospital of Philadelphia, beginning 
July 1988, is 2 years in duration (special accom- 
modation possible) and intended to train full-time 
pediatric radiologists. Dept. performs 70,000 pro- 
cedures per yr and offers general radiology plus 
pediatric nuclear medicine, ultrasound, CT, MRI, 
cardiovascular angiography, and interventional 
experience. Apply to Kenneth E. Fellows, M.D., 
Director, Children’s Hospital of Philadelphia, 34th 
and Civic Center Bivd., Philadelphia, PA 19104. 
t0-11c 


FELLOWSHIP IN ULTRASOUND AND BODY 
CT/MRi—July 1, 1988, to June 30, 1989, at the 
New York Hospital-Cornell Medical Center. Dept. 
provides state-of-the-art equipment, including 
Acuson ultrasound, GE 9800 CT, and GE Signa 
1.5-T MR. Wide variety of ultrasound examina- 
tions include abdominal, Ob-Gyn, Doppler, small 
parts, and neonatal head. Applicants should be 
ABR eligible or certified. Send CV to Elias 
Kazam, M.D., Dept. of Radiology, The New York 
Hospital-Corneil Medical Center, 525 E. 68th St., 
New York, NY 10021. 10-1ic 


MEDICAL IMAGING FELLOWSHIP—The Dept. of 
Radiology at the Hospital of the University of 
Pennsylvania is currently offering a 1- or 2-yr 
fellowship in the Medical Imaging Section. Train- 
ing will be provided in the application of computer 
technology to the processing of medical images. 
The applicant should have completed an ac- 
credited radiology training program and prefer- 
rably be board certified before starting the 
fellowship. The fellowship is part of a continuing 
effort by the Dept. of Radiology to bring about a 
symbiosis between basic science resarch in 
medical imaging and clinical radiology. Applicants 
should submit a CV and a list of 4 references to 
Gabor T. Herman, Ph.D., Professor and Chief, 
Medical Imaging Section, Dept. of Radiology, 
Hospital of the University of Pennsylvania, 3400 
Spruce St., Philadelphia, PA 19104. The Univer- 
sity of Pennsylvania is an affirmative action/equal 
opportunity employer. Minorities and women are 
encouraged to apply for the fellowship. 10c 


INTERVENTIONAL/ANGIOGRAPHY FELLOW- 
SHIPS to begin July 1988. The University of lowa 
Hospital and Clinics is a 900-bed teaching 
hospital with an active interventional service. The 
fellows will participate in all vascular and non- 
vascular interventional procedures. Send all in- 
quiries to Andrew Cragg, M.D., Dept. of 
Radiology, University of lowa, lowa City, IA 52242. 
The University of lowa is an equal opportunity/ 
affirmative action employer. 10c 


NEURORADIOLOGY FELLOWSHIPS to begin 
July 1988 at 900-bed University Hospital with 
large neurosciences services (neurology, neuro- 
surgery, opthamology, otolaryngology, neuropath- 
ology, etc.). Fellows will participate or perform 
most angiographic procedures. Four radiology 
faculty also have special interests in MRI, CT. 
head and neck radiology, and neuroangiography. 
Send inquiries to E. A. Franken, Jr, M.D., Chair- 
man, Dept. of Radiology, University of lowa, lowa 
City, IA 52242. The University of lowa is an equal 
opportunity/affirmative action employer. 10c 


IMAGING FELLOWSHIP IN DIAGNOSTIC IMAG- 
ING with emphasis on diseases of children and 
women. Diasonics MRI, imatron CT, and Acuson 
Ultrasound. Opportunity for clinical or basic 
research, Must be eligible for oral board exam. 
Reply Jerald Kuhn, M.D.. Director, Radiology 
Dept., Children’s Hospital, 219 Bryant St., Buffalo, 
NY 144222- ¢71R\ R7R.7ROR 710r 
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BOSTON UNIVERSITY MEDICAL CENTER offers 
imaging fellowships beginning July 1, 1988. If you 
would like to be considered for the fallowing fel- 
iowships, please submit a currert CV, 2 letters of 
recommendation (1 from your program director), 
and rank order of fellowships desired. (1) CT/ 
MRI, address inquiries to Peter D. Franklin, M.D., 
Chief Body CT/MRi, 75 E. Newton St., Boston, 
MA 02118. (2) Ultrasound/MRI, address inquiries 
to Ewa Kuligowska, M.D.. Chief Ultrasound, 
75 E. Newton St., Boston, MA 02118. :3) Nuclear/ 
MRI, address inquiries to Victor Lee, M.D., Chief 
Nuclear Medicine, 818 Harrison Ave., Boston, MA 
02118. 9~10c 


CARDIOVASCULAR AND INTERVENTIONAL 
RADIOLOGY FELLOWSHIP—Ilwo-year program 
Starting July 1, 1989. Peripheral and coronary 
angiography, cardiac catheterization, digital 
vascular imaging, all types of interventional pro- 
cedures, noninvasive vascular techaiques, and 
cardiovascular MRI. Research time available for 
participation in original or ongoing clinical and/or 
laboratory projects. Contact Krshna Kandarpa, 
M.D., Ph.D., Dept. of Radiology, Harvard Medical 
School, Brigham and Women's Hospital, 75 Fran- 
cis St., Boston, MA 02115. 10-fic 


Tutorials/Courses 


AUGUST 1987-JUNE 1988—The Dept. of 
Radiology, cosponsored by the University of 
California, San Diego, School of Medicine is of- 
fering 1- to 8-wk preceptorshics in imaging for 
physicians interested in updating their knowledge 
of diagnostic ultrasound includir.g carotid and ab- 
dominal duplex scanning, a combination of ultra- 
sound and abdominal computed tomography 
(abdominal CT is not offered as an independent 
rotation), and interventional! radiology. Faculty: 
Drs. George Leopoid, Barbara Gosink, Dolores 
Pretorius, Robert Mattrey, and, for interventional, 
Giovanna Casola and Eric vanSonrenberg. Ac- 
creditation AMA Category |, 40-hr for each wk at- 
tended. For information contect Ms. Elizabeth 
Novak, UCSD Medical Center, Ultrasound Divi- 
sion, 225 Dickinson St., San Diego, CA 92103; 
(619) 543-6657. 10d 


AUSTRALIA-NEW ZEALAND—IMAGING DOWN 
UNDER, MARCH 12-27, 1988. Intemational fac- 
ulty. Auckland, New Zealand, March 13-14: 
Sydney, Australia, March 18-20: and Melbourne, 
Australia, March 25-26. Information: Medical 
Seminars, 21915 Roscoe Bivd., Ste, 222, Canoga 
Park, CA 91304; (818) 719-7380. 9-~2d 


AJR Classified 
Advertisements Information 


Box Responses and Address for 
Ad Placement 


Write Box . AJF, Suite 200, 
2223 Avenida de la Playa, La Jolla, CA 
92037; (619) 459-2229. 


Control the future 
of your practice 





The Journal of MEDICAL PRACTICE MANAGEMENT 





Editor: Marcel Frenkel, MD, MBA 


A new journal gives you the management 
skills you need to pull ahead 


Right now you need information on some 
important topics that weren't covered in medical 
school. Topics that are having a profound impact 
on private practice and hospital-based physicians 
across the country. 

Like competition from HMOs. Industrialization of 
medicine. The sheer number of physicians compet- 
ing for your patients. Increasing costs. 

You know the issues. What you need to know is 
the best way to face them so your practice will 
flourish in years to come. 

And that’s where The Journal of Medical Practice 
Management comes in. 


Keep up with the issues that are changing 
your way of practice forever 


The Journal of Medical Practice Management 
is anew quarterly publication that covers your 
concerns...issues affecting the way you practice 
now — and the way you'll practice in the future. 

Four times a year, an expert editorial board 
headed by Dr. Marcel Frenkel brings you concise, 
readable coverage of today’s issues and tomorrows 
trends. 

You'll find departments covering © office proce- 
dures and management ® malpractice ¢ marketing 
e manpower ® computers @ taxation ® legal and 
legislative affairs ¢ and health policy. 

You'll also find pertinent features like the 
Washington Report, telling you what's up in the 
nation’s capital and how it affects you...a Letter 
from Abroad, offering perspectives on how physi- 
cians are handling health care issues in other 
countries...and profiles of profit and not-for-profit 
health care delivery systems. 


A multidisciplinary editorial board 


Members of the editorial board for The Journal 
of Medical Practice Management have been care- 
fully chosen for their knowledge of the manage- 
ment aspects of practicing medicine. These 
experts, many with experience in more than one 
field, give you the perspectives you need from 
medicine, law, management, government, and 
education. 


You can control the future of your practice 


The issues you can't afford to ignore are in The 
Journal of Medical Practice Management. It's a lot 
of information for a little money. And that's good 
business for you. 


Reserve your charter subscription today! 


Just return the attached coupon, or call our 
FREE number, 800-638-6423, from anywhere in the 
US except Alaska. In Maryland, call 528-4105 
collect. Quarterly 


Williams & Wilkins 


428 East Preston Street 266 Fulham Road 
Baltimore, Maryland 21202 London SW109EL England 


YES, | want to control the 
future of my practice! 


Please enter my subscription to The Journal of 
Medical Practice Management (quarterly) 


0O Individuals and Institutions $40 
All subscribers: add $10 outside the US. 


O Check enclosed O Bill me 
O MasterCard O American Express ( VISA 


re gee ee 


City State/ Zip 


Maryland residents add 5% sales tax. Subscriptions 
outside the US must be prepaid. All subscriptions must be 
paid in US dollars. Rates valid through April 30, 1988. 


Please allow 8 weeks for delivery of your first issue, up to 
16 weeks for surface delivery outside the US. Airmail rates 
availiable on request. 


Williams & Wilkins 


P.O. Box 23291 
Baltimore, Maryland 21203 


266 Fulham Road 
London SW10 SEL England 
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DIAGNOSTIC RADIOLOGIST 







Guthrie Clinic recruits a diagnostic ra- 
diologist to join 9 other radiologists with 
general and subspecialty interests. This 
tertiary level, multispecialty group staffs 
160 physicians representing all disciplines 
in medicine and surgery. 







The Guthrie Clinic affords physicians a 
dynamic and progressive practice oppor- 
tunity, excellent salaries and benefits as 
well as a rural, Northeast Pennsylvania 
setting. 












Candidates should submit their CV and 
three references to: 


Donald R. Weaver, M.D. 
Medical Director 
Guthrie Clinic Ltd. 
Sayre, PA 18840 
(717) 888-5858 
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Director, Department 
of Radiology 


Lenox Hill Hospital 





ety 






interested candidates should direct inquiries, curriculum vitae 
and references to: 







Hugh. K. K. Barber, M.D. 
Chairman, Selection Committee 
Lenox Hill Hospital 
100 East 77 Street 
New York. New York 10021 


L 


Lenox Hil Hospital is a university affiliate of New York Medical 
College and is an Equal Opportunity Employer. 
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CHIEF, DEPARTMENT OF IMAGING 


PRINCESS MARGARET HOSPITAL 
TORONTO, CANADA 


The Department is responsible for all professional radiolcgic and 
nuclear medicine services at the Princess Margaret Hospital, a 
Provincial Cancer Hospital with 202 beds. The PMH has a service 
program in radiation and medical oncology with surgical consulta- 
tion, and a teaching and research program in oncology. Over 7000 
new patients with cancer are seen each year together wich 165,000 
ambulatory care visits. The Hospital is in che process of rebuilding 
its facilities, 


The Chief should be an experienced physician/administracor with 
a strong commitment co clinical service, departmental administra- 
tion, teaching and research. There are currently five professional 
members in diagnostic radiology, and one in nuclear medicine. 
Equipment includes CT, ultrasound, MRI. 


Applicants should have certification in Diagnostic Radiology from 
the Royal College of Physicians & Surgeons (Canada) or equivalent, 
and demonstrated administrative skills as well as clinical. In accord- 
ance with Canadian immigration requirements, this advertiserrent 
is directed to Canadian citizens and permanent residents. For further 
details please write ro Dr. R.S. Bush, Director, Ontario Cancer 
Institute, 500 Sherbourne Street, Toronto, Canada M4X 1K9 


Radiologist 


The Hospital for Joint Diseases / 
Orthopaedic Institute—affiliated with 
NYU School of Medicine and with a 
residency program at Beth Israel Medi- 
cal Center—has a position available for 
a Board Certified Radiologist to work 
in its 230-bed specialty care hospital. 


To qualify, you should have an interest 
in and demonstrated experience with 
bone radiology. This position offers a 
wide range of clinical assignments. 





We are located in the heart of 
Manhattan’s beautiful tree-lined 
Gramercy Park, minutes away from al! 
the cultural and recreational opportuni- 
ties the city has to offer. 


For immediate consideration please 
send CV to Alex Norman, MD, Chair- 
man of Radiology, 


Hospital for Joint Diseases 
Orthopaedic Institute 


301 East 17th Street, NYC 10003 
An equal opportunity employer 
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Protect your copies of 


AJNR: AMERICAN 
JOURNAL OF 
NEURORADIOLOGY 


with Jesse Jones Binders or Files 


Keep your journals clean, orderly, and readily acces- 
sible with Jesse Jones Binders or Files. One Binder or 
one box style File is all you need to accommodate a 
full year’s worth of issues. Both Binders and Files are 
handsomely made with rich dark blue leatherette 
covers and gold leaf embossed lettering. 


Jesse Jones Binders open flat for easy reading and 
reference and are economically priced at only $9.95 
each; 3 for $27.95, or 6 for $52.95 postpaid. The rugged, 
compact box Files are only $7.95 each; 3 for $21.95, or 6 
for $39.95. Add $1.00/unit postage and handling. 
(Outside the U.S. add $2.50/unit.) 


For charge orders call toll free 1-800-972-5858. ($15.00 
minimum). 


Free gold transfer slips included for indexing volume 
and year. 


Please allow four to five weeks for delivery. 


TO: Jesse Jones Industries 
499 E. Erie Avenue, DEPT. AJNR 
Philadelphia, PA 19134 


I enclose my check or money order for $ - 
(PA residents add 6% sales tax) 


Send me O Files O Binders for my journals 





Name 
Address (will not ship to P.O. Box) 
City/State/Zip 


Satisfaction guaranteed. 
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Need shelf space? 


Williams & Wilkins is your source for 
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In excretory urography: 


Because you cant be sure how 
every patient will react... 


Improve the safety profile. 






ft IN a 50,642-patient clinical study, 
97.9% had no reported adverse reactions. 











Severity of Reactions in Excretory Urography Percent of Patients 
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E At High Risk (n = 26,650) 
At Low or No Risk 


Adapted from Schrot: eral 
OMNIPAQUE (iohexo!l) dose: 50 or 100 mL of 


OMNIPAQUE 300 (300 mcI/mL). Does not include (n = 23,992) 
transient sensaton of warmth or heat, which was E i 
experienced by 330 patients, or 0.65% of total Total (n = 50.642) 


i Of 26,650 patients considered high risk, 
97.3% had no reported adverse effects. ' 


t Of 7,629 patients hypersensitive to 
iodinated contrast media, 95.9% had no 
reported adverse effects. ' 


ft Excellent patient comfort.? 


$ Excellent diagnostic quality. 


Physicians should consider the potential 
benefit-to-risk ratio prior to radiographic 
procedures. 
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EXCRETORY UROGRAPHY. 





OMNIPAQUE’ 


INJECTION (lIOHEXOL) 
INTRAVASCULAR 





PLEASE CONSULT FULL PRODUCT INFORMATION BEFORE USING. 

A SUMMARY FOLLOWS: 

DESCRIPTION: OMNIPAQUE is a nonionic, water-soluble radiographic contrast medium 
for intravascular administration and is provided in iodine concentrations of 240, 300, and 
350 mgl/mL. Each milliliter of iohexo! solution contains 1.21 mg tromethamine and 0.1 mg 
edetate calcium disodium with the pH adjusted between 6.8 and 7.7 with hydrochloric acid or 
sodium hydroxide, but it contains no preservatives 

CONTRAINDICATIONS: OMNIPAQUE should not be administered to patients with a known 
hypersensitivity to iohexol. 

WARNINGS: OMNIPAQUE should be used with extreme care in patients with: severely impaired 
renal and/or hepatic function; severe thyrotoxicosis, hyperthyroidism, or an autonomously 
functioning thyroid nodule; diabetes with a serum creatinine level above 3 mg/dL. Not 
recommended for use in patients with anuria. 

Patients with known or suspected pheochromocytoma should receive a minimum of contrast 
medium if benefit of the exam is judged to outweigh risk; blood pressure should be monitored 
ee ge the procedure, and measures for the treatment of hypertensive crisis should be readily 
available. 

Contrast agents are potentially hazardous in patients with multiple myeloma or other 
paraproteinemia, particularly those with therapeutically resistant anuria. The combination of 
contrast agent and dehydration may precipitate myeloma protein in the renal tubules. No form of 
therapy, including dialysis, has been successful in reversing the effect. Myeloma, which occurs 
most commonly in persons over age 40, should be considered before instituting intravascular 
administration of contrast agents. 

PRECAUTIONS: Diagnostic procedures that involve the use of radiopaque diagnostic agents 
should be carried out under the direction of personnel with the prerequisite training and with a 
thorough knowledge of the particular procedure to be performed. Appropriate facilities should be 
available for coping with any complication of the procedure, as well as for emergency treatment of 
severe reactions to the contrast agent itself. Competent personnel and emergency facilities should 
be available for at least 30 to 60 minutes postprocedure. The possibility of serious, life- 
threatening, fatal, anaphylactoid, or cardiovascular reactions should always be considered (see 
ADVERSE REACTIONS). It is of utmost importance that a course of action be carefully planned in 
advance for immediate treatment of serious reactions. Preparatory dehydration is dangerous and 
may contribute to acute renal failure in patients with advanced vascular disease, diabetic patients, 
and in susceptible nondiabetic patients (often elderly with preexisting renal disease). Patients 
should be well hydrated prior to and following iohexol administration. Careful consideration to the 
potential risk of acute renal failure should be given before performing excretory urography in 
diabetic patients with diabetic nephropathy and in susceptible nondiabetic patients (often elderly 
with preexisting renal disease). Immediately following surgery, excretory urography should be 
used with caution in renal transplant recipients. The possibility of an idiosyncratic reaction in 
susceptible patients should always be considered (see ADVERSE REACTIONS). The susceptible 
population includes patients with a history of a previous reaction to contrast media, patients with a 
known sensitivity to iodine per se, and patients with a known clinical hypersensitivity: bronchial 
asthma, hay fever, and food allergies. A thorough medical history with emphasis on allergy and 
hypersensitivity, prior to the injection of any contrast media, may be more accurate than pretesting 
in predicting potential adverse reactions 

A positive history of allergies or hypersensitivity does not arbitrarily contraindicate the use ofa 
contrast agent where a fe ype procedure is thought essential, but caution should be exercised 
(see ADVERSE REACTIONS). Premedication with antihistamines or corticosteroids to avoid or 
minimize possible allergic reactions in such patients should be considered. Recent reports 
indicate that such pretreatment does not prevent serious, life-threatening reactions but may reduce 
both their incidence and severity. 

Even though the osmolality of OMNIPAQUE is low compared to diatrizoate- or iothalamate- 
based ionic agents of comparable iodine concentration, the potential transitory increase in 
circulatory osmotic load in patients with congestive heart failure requires caution during injection 
These patients should be observed for several hours following the procedure to detect delayed 
hemodynamic disturbances. 

Angiography should be avoided whenever possible in patients with homocystinuria, because of 
the risk of inducing thrombosis and embolism. 

In angiographic procedures, the possibility of dislodging plaques or damaging or perforating 
the vessel wall should be borne in mind during the catheter manipulations and contrast medium 
injection. Test injections to ensure proper catheter placement are recommended. 

Selective coronary arteriography should be performed only in those patients in whom the 
expected benefits outweigh the potential risk. The inherent risks of angiocardiography in patients 
with chronic pulmonary emphysema must be weighed against the necessity for performing this 
procedure. 

When OMNIPAQUE is to be injected using plastic disposable syringes, the contrast medium 
should be drawn into the syringe and used immediately 

The inhibitory effects of nonionic contrast media on mechanisms of hemostasis have been 
shown, in vitro, to be less than those of ionic contrast media at comparable concentrations. For 
this reason, standard angiographic procedures should always be followed: angiographic catheters 
should be flushed frequently, and prolonged contact of blood with contrast media in syringes and 
catheters should be avoided. 

if nondisposable equipment is used, scrupulous care should be taken to prevent residual 
contamination with traces of cleansing agents. 

Drug/Laboratory Test Interaction: lf jodine-containing isotopes are to be administered for the 
diagnosis of thyroid disease, the iodine-binding capacity of thyroid tissue may be reduced for up 
to 2 weeks after contrast medium administration. Thyroid function tests which do not depend on 
iodine estimation, eg, T; resin uptake or direct thyroxine assays, are not affected. 


OMNIPAQUE® injection (iohexol) 


Carcinogenesis, Mutagenesis, Impairment of Fertility: No long-term animal studies have 
been performed to evaluate carcinogenic potential, mutagenesis, or whether OMNIPAQUE can 
affect fertility in men or women. 

Pregnancy Category B: Reproduction studies have been performed in rats and rabbits with up 
to 100 times the recommended human dose. No evidence of impaired fertility or harm to the fetus 
has been demonstrated due to OMNIPAQUE. There are, however, no studies in pregnant women 
Because animal reproduction studies are not always predictive of human response, this drug 
should be used during pregnancy only if clearly needed. 

Nursing Mothers: It is not known to what extent iohexol is excreted in human milk. However, 
many injectable contrast agents are excreted unchanged in human milk. Although it has not been 
established that serious adverse reactions occur in nursing infants, caulion should be exercised 
when intravascular contrast media are administered to nursing women. Bottle feedings may be 
substituted for breast feedings for 24 hours following administration of OMNIPAQUE 

Pediatric Use: Safety and effectiveness in children have not been established 

ADVERSE REACTIONS: Usually mild to moderate in severity. However, serious, life-threatening, 
and fatal reactions, mostly of cardiovascular origin, have been associated with the administration 
of iodine-containing contrast media including OMNIPAQUE. The injection of contrast media is 
frequently associated with the sensation of warmth and pain, especially in peripheral angiography; 
shi warmth are less frequent and less severe with OMNIPAQUE than with many contrast 
media. 

Cardiovascular System: Arrhythmias including PVCs and PACs (3%), angina/chest pain (2%), 
and hypotension (1%). Others including cardiac failure, asystole, bradycardia, tachycardia, and 
vasovagal reaction were reported with an individual incidence of less than 0.8%. In controlled 
Clinical trials involving 900 patients, one fatality occurred. A cause-and-effect relationship between 
this death and iohexol has not been established. 

Nervous System: Pain (6%), photomas (3%), headache (2%), and metallic taste (0.8%). Others 
including anxiety, blurred vision, dizziness, fever, motor and speech dysfunction, convulsion, 
lightheadedness, paresthesia, somnolence, vertigo, stiff neck, hemiparesis, and nystagmus were 
reported, with an individual incidence of less than 0.3% 

Respiratory System: Dyspnea and laryngitis, with an individual incidence of 0 1% 
Gastrointestinal System: Nausea (2%) and vomiting (0.5%). Others including diarrhea, 
dyspepsia, and dry mouth were reported, with an individual incidence of 0.1% 

Skin and Appendages: Urticaria (0.3%) and purpura (0.1%) 

General Adverse Reactions to Contrast Media: The following reactions have been reported 
after administration of other intravascular iodinated contrast media. Reactions due to technique 
hematomas and ecchymoses. Hemodynamic reactions: vein cramp and thrombophiebitis 
following intravenous injection. Cardiovascular reactions: rare cases of cardiac arrhythmias, reflex 
tachycardia, chest pain, cyanosis, hypertension, hypotension, peripheral vasodilatation, shock, 
and cardiac arrest. Renal reactions: occasionally, transient proteinuria; rarely, oliguria or anuria. 
Allergic reactions: asthmatic attacks, nasal and conjunctival symptoms, dermal reactions such as 
urticaria with or without pruritus, as well as pleomorphic rashes, sneezing, and lacrimation; rarely, 
anaphylactic reactions. Rare fatalities have occurred due to these or unknown causes Signs and 
symptoms related to the respiratory system: pulmonary or laryngeal edema, bronchospasm, 
dyspnea: or fo the nervous system: restlessness, tremors, convulsions. Other reactions: flushing, 
pain, warmth, metallic taste, nausea, vomiting, anxiety, headache, confusion, pallor, weakness, 
sweating, localized areas of edema (especially facial cramps), neutropenia, and dizziness Rarely, 
immediate or delayed rigors can occur, sometimes accompanied by hyperpyrexia. Infrequently, 
“iodism” (salivary gland swelling) from organic iodinated compounds appears 2 days after 
exposure and subsides by the sixth day 

In general, the reactions that are known to occur upon parenteral administration of iodinated 
contrast agents are possible with any nonionic agent. Approximately 95% of adverse reactions 
accompanying the use of water-soluble intravascularly administered contrast agents are mild to 
moderate in degree. However, severe, life-threatening anaphylactoid reactions, mostly of 
cardiovascular origin, have occurred. 

Reported incidences of death range from 6.6 per 1 million (0.00066%) to 1 in 10,000 (0.01%). 
Most deaths occur during injection or 5 to 10 minutes later, the main feature being cardiac arrest, 
with cardiovascular disease as the main aggravating factor. Isolated reports of hypotensive 
collapse and shock are found in the literature. The incidence of shock is estimated to be 1 out of 
10,000 (0.005%) patients 

Adverse reactions to injectable contrast media fall into two categories: chemotoxic reactions 
and idiosyncratic reactions. 

Chemotoxic reactions result from the physicochemical properties of the contrast media, the 
amount of dose injected, and the speed of injection. All hemodynamic disturbances and injuries to 
organs or vessels perfused by the contrast medium are included in this category 

Idiosyncratic reactions include all other reactions. They occur more frequently in patients 20 to 
40 years old. Idiosyncratic reactions may or may not be dependent on the amount of dose injected, 
the speed of injection and the radiographic procedure. Idiosyncratic reactions are subdivided into 
minor, intermediate, and severe. The minor reactions are self-limited and of short duration, the 
severe reactions are life-threatening and treatment is urgent and mandatory 

The reported incidence of adverse reactions to contrast media in patients with a history of 
allergy is twice that in the general population. Patients with a history of previous reactions to a 
contrast medium are three times more susceptible than other patients. However, sensitivity to 
contrast media does not appear to increase with repeated examinations 

Most adverse reactions to injectable contrast media appear within 1 to 3 minutes after the start 
of injection, but delayed reactions may occur. 

Regardless of the contrast agent employed, the overall estimated incidence of serious adverse 
reactions is higher with angiocardiography than with other procedures. Cardiac decompensation, 
serious arrhythmias, angina pectoris, or myocardial ischemia or infarction may occur during 
angiocardiography and left ventriculography. Electrocardiographic and hemodynamic abnor- 
malities occur less frequently with OMNIPAQUE than with diatrizoate meglumine and diatrizoate 
sodium injection. 


References: 1. Schrott KM, Behrends B, Clauss W, et al: lohexol in excretory urography: 
Results of a drug monitoring study. Fortschr Med 1986; 7:153-156. 2. Data on file, Winthrop 
Pharmaceuticals 
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- Asa professional, you must be 
» able to depend on the highest quality 
"every time... sheet-to-sheet... box-to-box. 
Accepting less is a waste of time and effort. It 
could also result in poor patient care. 





Fuji - committed 
to consistency. 
m Fuji has the world’s most automated X-ray film factory. 


m Fujs commitment to research has produced exclusive 
technologies such as non-contact, helical emulsion 
drying and other developments which have raised the 
standards for consistent emulsion performance to a new 


plateau. 


m These elements offer the assurance that no manufacturer 
provides more consistent medical X-ray films than Fuji. 


See for yourself the difference between “consistent” 
and “UNCOMMONLY CONSISTENT.” Call your local Fuji 
representative, or toll free, 1-800-431-1850. 
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Results. Present results in a clear, logical sequence. If tables 
are used, do not duplicate tabular data in text, but do describe 
important trends and points. 
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eae Two copies of a blind title page are included giving 
only the title (without the authors’ names) for use in the review 
process. 


Abstract 
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eee Conclusions are stated in a second, summary par- 
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. Tables are numbered in the order in which they are 
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below each table. 
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letters are included), and an appropriate credit line is given in 
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_ through illustrations and their legends. Unlike other AJR 


: Case Reports 


A case report is a brief description of a special case that | 


_ provides a message that transcends the individual patient. 
_ Format. There is no abstract. The introduction should 
| be a short paragraph giving the general background and 
_ the specific interest of the case. No more than one case 
_ should be described in detail (similar ones can be men- 
_ tioned briefly in the discussion). Emphasis should be on 
_ the radiologic aspects; clinical information must be limited 
to that-:necessary to provide a background for the radiol- 
ogy. The discussion should be succinct and should focus 
on the specific message and relevance of radiologic meth- 
_ ods. A review of the literature is not appropriate. 

| Length. Maximum of five double-spaced, typewritten 


| pages, including the references but not the title page or 


, figure legends. 
| References. Maximum of eight. 


Figures. Maximum of three or four, unless the text is | 


| shortened accordingly. Legends must not repeat the text. — 


Tables and Acknowledgments. Not appropriate in case 


A pictorial essay is an article that conveys its message 


_ articles, which are based on original research, pictorial 
_ essays serve primarily as teaching tools, like exhibits at a 
_ scientific meeting. They are not encyclopedic book chap- 
_ ters. No abstract is necessary. 


Length. Maximum of four double-spaced, typewritten 


| pages, including the references but not the title page or 
_ figure legends. 


References. Maximum of four. 


Figures. Maximum of 30 figure parts. Number should be | 


_ as few as necessary to convey the message of the paper. 


Tables and Acknowledgments. Not appropriate in pic- 


_ torial essays. 


| Opinions, Commentaries, and Perspectives 


| Opinions, commentaries, and perspectives are special 
_ articles dealing with controversial topics or issues of spe- 
_ cial concern to radiologists. 

| Format. Include a title page but no abstract. Headings 
| may be used to break up the text. 

_ Length. Maximum of five double-spaced, typewritten 
| pages. 

_ References. Maximum of five. 

| Tables and Figures. Maximum of four. 
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| Letters to the Editor and Replies 


| and constructive criticism of published articles. Letters 
_ may also discuss matters of general interest to radiolo- 
gists. 


| nonietternead paper, with no greeting or salutation. Sig- 
_ nature and affiliation should appear at the end of the letter. 
_ Titles for letters should be short and pertinent. The title for 


| ters to the Editor and Replies. 
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A technical note is a brief description of a specific 


_ technique or procedure, modification of a technique, or 
| equipment of interest to radiologists. 


Format. No abstract, headings, or subheadings are re- 


_ quired. If headings are used, they should be a combination 
_ of “Case Report,” “Materials and Methods,” “Results,” and 
_ “Discussion.” A brief one-paragraph introduction should 
_ be included to give the general background. Discussion 
_ should be limited to the specific message, including the 
uses of the technique or equipment. Literature reviews 
_ and lengthy case reports are not appropriate. 


Length. Maximum of five double-spaced, typewritten 


| pages, including the references but not the title page or 
_ figure legends. 


References. Maximum of eight. 
Figures. Maximum of two, unless the text is shortened 


accordingly. 


Tables and Acknowledgments. Not appropriate in tech- 


_ nical notes. 


Letters to the Editor and Replies should offer cbjective 


Format. All letters should be typed double-spaced on 


a reply is simply “Reply.” 


~ Length. Maximum of two double-spaced, typewritten 
: pages, including references. 


References. Maximum of four. 
Figures. Maximum of two. 
Tables and Acknowledgments. Not appropriate in Let- 


Computer Page Articles 


__ Articles published on the computer page deal with prac- | 
_ tical computer applications to radiology. 


Format. include a title page but no abstract. 
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In radiologic contrast procedures 





iopamidol | injection iopamidol injection 


THE CLEAR CHOICE 





A broad range 

of indications 

Peripheral arteriography 

Coronary arteriography and 
ventriculography 

Excretory urography 

Myelography (lumbar, thoracic, 
cervical, total columnar) 

Cerebral arteriography 

CT head and body imaging 

CT cisternography and 
ventriculography 

Selective visceral arteriography 

Aortography 

Intra-arterial digital subtraction 
angiography 





The only nonionic contrast agent you need to stock 
ISOVUE-M' 200 ISOVUE-M 300/ISOVUE -300 


iopamidol injection 41% iopamidol injection 61% 
ISOVUE -370 ISOVUE -128 (i) SQUIBB’ 
iopamidol injection 76% iopamidol injection 26% Diagnostics 
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ISOVUE"-128 (lopamido! Injection 26%) 
ISOVUE*-300 (lopamido! injection 61%) 
ISOVUE*-370 (lopamidol Injection 76%) 
ISOVUE-M* 200 (lopamidol injection 41%) 
ISOVUE-M* 300 (lopamido! injection 61%) 


INDICATIONS AND USAGE 


ISOVUE (lopamidol injection) is indicated for intra-arterial digital subtraction angiography 
(DSA) of the cerebral and abdominal vasculature and for angiography throughout the cardio- 
vascular system, including cerebral and peripheral arteriography, coronary arteriography and 
ventriculography, selective visceral arteriography and aortography, and intravenous excretory 
urography and intravenous contrast enhancement of computed tomographic (CECT) head and 
body imaging. 

ISOVUE-M {lopamidol injection) is indicated for intrathecal administration in neuroradiology 
including myelography (lumbar, thoracic, cervical, totalcolumnar),andforcontrastenhancement 
of computed tomographic (CECT) cisternography and ventriculography. 


CONTRAINDICATIONS 
ISOVUE (lopamido!l Injection) 
None. 


ISOVUE-M (lopamidol Injection) 

intrathecal administration of corticosteroids with iopamidot is contraindicated. Because of 
overdosage considerations, immediate repeat myelography in the event of technical failure is 
contraindicated (see interval recommendation under DOSAGE AND ADMINISTRATION). Mye- 


lography should not be performed in the presence of significant local or systemic infection 
where bacteremia is likely. 


WARNINGS 
ISOVUE-M (lopamidoi injection) 

The need for myelographic examination should be carefully evaluated. jopamidol should be 
administered with caution in patients with increased intracranial pressure or suspicion of 
intracranial tumor, abscess or hematoma, those with a history of convulsive disorder, severe 
cardiovascular disease, chronic alcoholism, or multiple sclerosis, and elderty patients. Partic- 
ular attention must be given to state of hydration, concentration of medium, dose, and tech- 
nique used in these patients. 

if frankly bloody cerebrospinal fluid is observed, the possibile benefits of a myelographic 
examination should be considered in terms of risk to the patient. 

Patients on anticonvulsant medication should be maintained on this therapy. 

Direct intracisternal or ventricular administration for standard radiography (without comput- 
erized tomographic enhancement) is not recommended. inadvertent intracranial entry of a 
large or concentrated bolus of the contrast medium, which increases the risk of neu rotoxicity, 
can be prevented by careful patient management. Also, effort should be directed to avoid rapid 
dispersion of the medium causing inadvertent rise to intracranial levels (e.g., by active patient 
movement). if such intracranial entry of the medium occurs, prophylactic anticonvulsant treat- 
ment with diazepam or barbiturates orally for 24 to 48 hours should be considered. 

Use of medications that may lower the seizure threshold (phenothiazine derivatives, including 
those used for their antihistaminic properties: tricyctic antidepressants; MAO inhibitors; CNS 
stimulants; analeptics; antipsychotic agents) should be carefully evaluated. While the contribu- 
tory role of such medications has not been established, some physicians have discontinued 
these agents at least 48 hours before and for at least 24 hours following intrathecal use. 

Focal and generalized motor seizures have been reported after intrathecal use of water- 
soluble contrast agents including iopamidoi. In several of those cases reported with iopamido!, 
higher than recommended doses were employed. Therefore avoid: 


@ Deviations from recommended neuroradiologic procedure or patient management. 

@ Use in patients with a history of epilepsy uniess medically justified. 

© Overdosage. 

@ intracranial entry of a bolus or premature diffusion of a high concentration of the medium. 
@ Failure to maintain elevation of the head during the procedure, on the stretcher, and in bed. 
@ Excessive and particularly active patient movement or straining. 


ISOVUE (lopamido! injection) 

Caution must be exercised in patients with severely impaired renal function, those with com- 
bined renal and hepatic disease, or anuria particularly when larger doses are administered. 

Radiopaque diagnostic contrast agents are potentially hazardous in patients with multiple 
myeloma or other paraproteinemia, particularly in those with therapeutically resistant anuria. 
Myeloma occurs most commonly in persons over age 40. Although neither the contrast agent 
nor dehydration has been proved separately to be the cause of anuria in myelomatous patients, 
ithas been speculated that the combination of both may be causative. The risk in myelomatous 
patients is not a contraindication; however, special precautions are required. 

Contrast media may promote sickling in individuais who are homozygous for sickle cell:dis- 
ease when injected intravenously or intraarterially. 

Administration of radiopaque materials to patients known or suspected of having pheo- 
chromocytoma should be performed with extreme caution. If, in the opinion of the physician, 
the possible benefits of such procedures outweigh the considered risks, the procedures may 
be performed; however, the amount of radiopaque medium injected should be kept to an abso- 
lute minimum. The blood pressure should be assessed throughout the procedure and mea- 
sures for treatment of a hypertensive crisis should be available. These patients should be 
monitored very closely during contrast-enhanced procedures. 

Reports of thyroid storm following the use of iodinated radiopaque diagnostic agents in 
patients with hyperthyroidism or with an autonomously functioning thyroid nodule suggest'that 
this additional risk be evaluated in such patients before use of any contrast medium. 


PRECAUTIONS 
General 


Diagnostic procedures which involve the use of any radiopaque agent should be carried out 
under the direction of personnel with the prerequisite training and with a thorough knowledge 
of the particular procedure to be performed. Appropriate facilities should be available for cop- 
ing with any complication of the procedure, as weil as for emergency treatment of severe 
reaction to the contrast agent itself. After parenteral administration of a radiopaque agent, 
competent personnel and emergency facilities should be available for at least 30 to 60 minutes 
since severe delayed reactions may occur. 

Preparatory dehydration is dangerous and may contribute to acute renal failure in patients 
with advanced vascular disease, diabetic patients, and in susceptible nondiabetic patients 
{often elderly with preexisting renal disease). Patients should be weil hydrated prior to and 
following iopamidol administration. 

The possibility of a reaction, including serious, life-threatening, fatal, anaphylactoid or cardio- 
vascular reactions, should always be considered (see ADVERSE REACTIONS). Patients at in- 
creased risk include those with a history of a previous reaction to a contrast medium, patients 
with a known sensitivity to iodine per se, and patients with a known clinical hypersensitivity 
(bronchial asthma, hay fever, and food allergies}. The occurrence of severe idiosyncratic reac- 
tions has prompted the use of several pretesting methods. However, pretesting cannot be relied 
upon to predict severe reactions and may itself be hazardous for the patient. itis suggested that 
a thorough medical history with emphasis on allergy and hypersensitivity, prior to the injection 
of any contrast medium, may be more accurate than pretesting in predicting potential adverse 
reactions. A positive history of allergies or hypersensitivity does not arbitrarily contraindicate 
the use of a contrast agent where a diagnostic procedure is thought essential, but caution 


shouid be exercised. Premedication with antihistamines or corticosteroids to avoid or minimize 
possibie allergic reactions in such patients should be considered (see CONTRAINDICATIONS). 
Reports indicate that such pretreatment does not prevent serious life-threatening reactions, 
but may reduce both their incidence and severity. 

General anesthesia may be indicated in the performance of some procedures in selected 
patients; however, a higher incidence cf adverse reactions has been reported with radiopaque 
media in anesthetized patients, which may be attributable to the inability of the patient to iden- 
tify untoward symptoms, or to the hypotensive effect of anesthesia which can reduce cardiac 
output and increase the duration of exposure to the contrast agent. 

Even though the osmolality of iopamidol is iow compared to diatrizoate or iothalamate based 
ionic agents of comparable iodine concentration, the potential transitory increase in the circu- 
latory osmotic load in patients with congestive heart failure requires caution during injection. 
These patients should be observed for several hours following the procedure to detect delayed 
hemodynamic disturbances. 

in angiographic procedures, the possibility of dislodging plaques or damaging or perforat- 
ing the vessei wall should be borne in mind during catheter manipulations and contrast 
medium injection. Test injections to ensure proper catheter placement are suggested. Follow- 
ing arteriographic procedures, gentle pressure hemostasis is required, followed by observa- 
tion and immobilization of the limb for several hours to prevent hemorrhage from the site of 
arterial puncture. 

The inhibitory effects of nonionic contrast media on mechanisms of hemostasis have been 
shown, in vitro, to be less than ionic contrast media at comparable concentrations. For this 
reason, standard angiographic procedures should always be followed: angiographic catheters 
should be flushed frequently, and prolonged contact of blood with contrast in syringes and 
catheters should be avoided. 

Selective coronary arteriography should be performed only in selected patients and those 
in whom the expected benefits outweigh the procedural risk. The inherent risks of angio- 
cardiography in patients with chronic pulmonary emphysema must be weighed against the 
necessity for performing this procedure. Angiography should be avoided whenever possible 
in patients with homocystinuria, because of the risk of inducing thrombosis and embolism. 

if nondisposabie equipment is used, scrupulous care should be taken to prevent residual 
contamination with traces of cleansing agents. 


Information For Patients 

Patients receiving injectable radiopaque diagnostic agents should be instructed to: 

1. inform your physician if you are pregnant. 

2. Inform your physician if you are diabetic or if you have multiple myeloma, pheochromocytoma, 
homozygous sickle cell disease, or known thyroid disorder (see WARNINGS). 

3. inform your physician if you are allergic to any drugs, food, or if you had any reactions to 
previous injections of substances used for x-ray procedures (see PRECAUTIONS, General). 

4. inform your physician about any other medications you are currently taking, inciuding 
nonprescription drugs, before you have this procedure. 


Drug interactions 

Renal toxicity has been reported in a few patients with liver dysfunction who were given oral 

cholecystographic agents followed by intravascular contrast agents. Administration of 

intravascular agents should therefore be postponed in any patient with a known or suspected 

hepatic or biliary disorder who has recently received a cholecystographic contrast agent. 
Other drugs should not be admixed with iopamidol. 


Drug/Laboratory Test Interactions 
The results of PBI and radioactive iodine uptake studies, which depend on iodine estimations, 
will not accurately reflect thyroid function for up to 16 days following administration of iodinated 
contrast media. However, thyroid function tests not depending on iodine estimations, e.g., T3 
resin uptake and total or free thyroxine (14) assays are not affected. 

Any test which might be affected by contrast media should be performed prior to administra- 
tion of the contrast medium. 


Laboratory Test Findings 

In vitro studies with animal blood showed that many radiopaque contrast agents, including 
iopamidol, produced a slight depression of plasma coagulation factors including prothrombin 
time, partial thromboplastin time, and fibrinogen, as well as a slight tendency to cause platelet 
and/or red blood cell aggregation (see PRECAUTIONS, General). 

Transitory changes may occur in red cell and leucocyte counts, serum calcium, serum creat- 
inine, serum glutamic oxalacetic transaminase (SGOT), and uric acid in urine: transient albu- 
minuria may occur. 

These findings have not been associated with clinical manifestations. 


Carcinogenesis, Mutagenesis, impairment Of Fertility 
In animal reproduction studies performed on rats, intravenously administered iopamido! did 
not induce adverse effects on fertility or general reproductive performance. 

in studies to determine mutagenic activity, iopamidol did not cause any increase in 
mutation rates. 


Pregnancy Category B 
No teratogenic effects attributable to iopamidol have been observed in teratology studies 
performed in animals. There are, however, no adequate and well controlled studies in pregnant 
women. itis not known whether iopamido! crosses the placental barrier or reaches fetal tis- 
sues. However. many injectable contrast agents cross the placental barrier in humans and 
appear to enter fetal tissues passively. Because animal teratology studies are not always pre- 
dictive of human response, this drug should be used during pregnancy only if clearly needed. 
Radiologic procedures involve a certain risk related to the exposure of the fetus to ioniz- 
ing radiation. 


Labor and Delivery 

It is not known whether use of contrast agents during labor or delivery has immediate or 
delayed adverse effects on the fetus, prolongs the duration of labor or increases the likeli- 
hood that forceps delivery or other obstetrical intervention or resuscitation of the newborn 
will be necessary. 


Nursing Mothers 

itis not known whether iopamidol is excreted in human milk. However, many injectable contrast 
agents are excreted unchanged in human miik, Although it has not been established that seri- 
ous adverse reactions occur in nursing irfants, caution should be exercised when intravascular 
contrast media are administered to nursing women because of potential adverse reactions, 
and consideration should be given to temporarily discontinuing nursing. 


Pediatric Use 
Safety and effectiveness in children have not been established, 


ADVERSE REACTIONS 
ISOVUE {iopamidol injection) 

Adverse reactions following the use of iopamidol are usually mild to moderate, self-limited, 
and transient. 

in a Clinical trial with 100 patients undergoing intra-arterial DSA, adverse reactions possibly 
attributed to ISOVUE-128 administration were nausea (2%), headache (1%) and vomiting (1%). 
One patient with preexisting renal impairment and severe bilateral renal vascular disease ex- 
perienced renal failure, possibly secondary to a subsequent acute episode of congestive heart 
failure and/or drug administration (see Warnings). 

in angiocardiography (597 patients), the adverse reactions with an estimated incidence of 
one percent or higher are: hot flashes 3.4%; angina pectoris 3.0%: flushing 1.8%; bradycardia 
1.3%; hypotension 1.0%: hives 1.0%. 





intravascular injectioa of contrast media is frequently associated with the sensation of warmth 
and pain, especially incperipheral arteriography; pain and warmth are less frequent and less 
severe with ISCVUE fopamidol injection) than with diatrizoate meglumine and diatrizoate 
sodium iniectior:. 

The following table əf incidence of reactions is based on clinical studies with ISOVUE in 
about 1835 patients. 


Adverse Reactions 


Estimated Overall Incidence 
System > 1% < 1% 


Cardiovascular none 





tachycardia 
hypotension 
hypertension 
myocardial ischemia 
circulatory collapse 
S-T segment depression 
bigeminy 
extrasystoles 
ventricular fibrillation 
angina pectoris 
bradycardia 
transient ischemic attack 
thrombophiebitis 
vasovaga! reaction 
tingling in arms 
grimace 

faintness 

vomiting 

anorexia 

throat constriction 
dyspnea 

pulmonary edema 
Skin and Appendage: none rash 

urticaria 

pruritus 

flushing 

headache 

fever 

chilis 

excessive sweating 
back spasm 

taste alterations 
nasal congestion 
visual disturbances 
urinary retention 


Regardiess of the contrast agent employed, the overall estimated incidence of serious ad- 
verse reactions.is higher with coronary arteriography than with other procedures. Cardiac de- 
compensation. serious arrhythmias, or myocardial ischemia or infarction may occur during 
coronary arteriograpty and left ventriculography. Following coronary and ventricular injections, 
certain electrecardiagraphic changes (increased QTc, increased R-R, T-wave amplitude) and 
certain hemodynamiz changes (decreased systolic pressure) occurred less frequently with 
ISOVUE flopamidol iajection) than with diatrizoate meglumine and diatrizoate sodium injec- 
tion; increases} LVED? occurred less frequently after ventricular iopamidol injections. 

in aortography, the risks of procedures also include injury to the aorta and neighboring 
organs, pieurdi:puneture, renal damage including infarction and acute tubular necrosis with 
oliguria and anuria, accidental selective filling of the right renal artery during the transiumbar 
procedurein the presence of preexisting renal disease, retroperitoneal hemorrhage from the 
transiumbar approach. and spinal cord injury and pathology associated with the syndrome of 
transverse mysiits. 

Adverse effects recorted in clinical literature for iopamidol include arrhythmia, arterial spasms, 
hematuria, peiorbitai edema, involuntary leg movement, malaise, and triggering of deglutition; 
some of theseynay omcur as a consequence of the procedure. Other reactions may also occur 
with the use of any contrast agent as a consequence of the procedural hazard; these inciude 
hemorrhage or pseudoaneurysms at the puncture site, brachial plexus palsy following axillary 
artery injections, chest pain, myocardial infarction, and transient changes in hepatorenai chem- 
istry tests. Arterial thrombosis, displacement of arterial plaques, venous thrombosis, dissec- 
tion of the coronary wessels and transient sinus arrest are rare complications. 


ISOVUE-M{lopamida Injection) 

Tha most frequently reported adverse reactions following intrathecal administration of iopamidol 
are headache, nausea, vomiting and musculoskeletal pain. These reactions usually occur 1 to 
10 hours atterinjection, almost all occurring within 24 hours. They are usually mild to moderate 
in degree iasing fora few hours and usually disappearing within 24 hours. Rarely, headaches 
may be severe or persist for days. Headache is often accompanied by nausea and vomiting, 
and tends io be more frequent and persistent in patients not optimally hydrated. 

Backache, neck stiffness, numbness and paresthesias, leg or sciatic-type pain occurred 
less frequentiy, often in the form of a transient exacerbation of preexisting symptomatology. 
Transient alterations<in vital signs may occur and their significance must be assessed on an 
individual basis. 

The following tab of incidence of reactions is based on clinical studies with ISOVUE-M 
flopamidal inection’ in about 615 patients. 


Nervous pain (1.7%) 


burning sensation (1.4%) 


Digestive nausea (1.2%) 


Respiratory none 


Body as a Whole hot flashes (1.5%) 


Special Senses warmth (1.1%} 


Urogenital none 


Adverse Reactions 
Estimated Overalt Incidence 
System > 1% <1% 
Body as a Whe headache (18.1%) pyrexia 
muscle weakness 
hot flashes 
malaise 
fatigue 
weakness 
Digestive nausea (7.3%) diarrhea 
vomiting {3.7%} heartburn 
Musculoskeletal back pain (2.3%) leg cramps 
leg pain (1.4%) sciatica 
neck pain (1.4%) cervicobrachial irritation 
meningeal irritation 
radicular irritation, 
lumbosacral 
other musculoskeletal pain 
involuntary movement 
burning sensation 
Cardiovascuiar hypotension (1.1%) tachycardia 
hypertension 
chest pain 


Adverse Reactions (con't) 
Estimated Overall Incidence 


System > 1% < 1% 

Nervous none emotional stress 
dizziness 
paresthesia 
confusion 
hallucinations 
lightheadedness 
syncope 
numbness 
cold extremities 

Urogenital none urinary retention 

Respiratory none dyspnea 

Skin and Appendages none rash 

Miscellaneous none injection site pain 


Other adverse effects reported in clinical literature for iopamidot include facial neuralgia, 
tinnitus, and sweating. 

Major motor seizures have been reported in the clinical literature and since market introduc- 
tion in the United States. Early onset of seizures (less than two hours) is indicative of early 
substantial intracranial entry. Transitory EEG changes occur and usually take the form of siow 
wave activity. 

While not observed in controlied clinical studies with ISOVUE-M (lopamidol injection), or 
reported in clinical literature, the following adverse reactions may occur because they have 
been reported with other nonionic contrast agents: cardiovascular (arrhythmias); aseptic men- 
ingitis syndrome; allergy or idiosyncrasy (chills, pruritas, nasal congestion, Guillain-Barre syn- 
drome). CNS irritation (psycho-organic syndrome: miki and transitory perceptual aberrations 
such as depersonalization, anxiety, depression, hyperesthesia, disturbances in speech, sight, 
or hearing, and disorientation; in addition, hyperrefiexia or areflexia, hypertonia or flaccidity, 
restlessness, tremor, echoacousia, echolalia, asterixis or dysphasia have occurred). Profound 
mental disturbances have rarely been reported (various forms and degrees of aphasia, mental 
confusion or disorientation): the onset is usually at 8 to 10 hours and lasts for about 24 hours 
without aftereffects. 

However, occasionally they have been manifest as apprehension, agitation, or progressive 
withdrawal to the point of stupor in several instances. in a few cases, these have been accom- 
panied by transitory hearing loss or other auditory symptoms and visual disturbances (believed 
subjective or delusional). Persistent cortical loss of vision in association with convulsions, and 
ventricular block have been reported. Rarely, persistent though transitory weakness in the leg 
or ocular muscies has been reported. Peripheral neuropathies have been rare and transitory. 
They include sensory and/or motor or nerve root disturbances, myelitis, persistent leg muscle 
pain or weakness, or sixth nerve palsy, or cauda equina syndrome. Muscle cramps, fascicula- 
tion or myocionia, spinal convuision, or spasticity are unusual. 


General Adverse Reactions To Contrast Media 

Reactions known to occur with parenteral administration of iodinated ionic contrast agents 
(see the listing below) are possible with any nonionic agent. Approximately 35 percent of ad- 
verse reactions accompanying the use of other water-solubie intravascularly administered 
contrast agents are mild to moderate in degree. However, life-threatening reactions and fatali- 
ties, mostly of cardiovascular origin, have occurred. 

Reported incidences of death from the administration of other iodinated contrast media 
range from 6.6 per 1 million (0.00066 percent) to 1 in 10,000 patients (0.01 percent). Most 
deaths occur during injection or 5 to 10 minutes later, the main feature being cardiac arrest with 
cardiovascular disease as the main aggravating factor. isolated reports of hypotensive col- 
lapse and shock are found in the literature. The incidence of shock is estimated to be 1 out of 
20,000 (0.005 percent) patients. 

Adverse reactions to injectable contrast media fall into two categories: chemotoxic reactions 
and idiosyncratic reactions. Chemotoxic reactions result from the physico-chemical proper- 
ties of the contrast medium, the dose, and the speed of injection. All hemodynamic distur- 
bances and injuries to organs or vessels perfused by the contrast medium are included in this 
category. Experience with iopamidol suggests there is much less discomfort (e.g., pain and/or 
warmth) with peripheral arteriography, Fewer changes are noted in ventricular function after 
ventriculography and coronary arteriography. 

idiosyncratic reactions include ail other reactions. They occur more frequently in patients 20 
to 40 years old. idiosyncratic reactions may or may not be dependent on the amount of drug 
injected, the speed of injection, the mode of injection, and the radiographic procedure. idio- 
syncratic reactions are subdivided into minor, intermediate, and severe. The minor reactions 
are self-limited and of short duration; the severe reactions are life-threatening and treatment is 
urgent and mandatory. 

The reported incidence of adverse reactions to contrast media in patients with a history of 
allergy is twice that for the general population. Patients with a history of previous reactions to a 
contrast medium are three times more susceptible than other patients. However, sensitivity to 
contrast media does not appear to increase with repeated examinations. Most adverse reac- 
tions to intravascular contrast agents appear within one to three minutes after the start of 
injection, but delayed reactions may occur (see PRECAUTIONS, General). 

Because measurabie plasma leveis are attained following the intrathecal administration of 
iopamidol, adverse reactions reported with the use of intravascuiar contrast agents are theo- 
retically possible. in addition to the adverse drug reactions reported for iopamidoi, the follow- 
ing additional adverse reactions have been reported with the use of other intravascular contrast 
agents and are possible with the use of any water-soluble iodinated contrast agent: 
Cardiovascular: vasodilation, cerebral hematomas, petechiae, hemodynamic disturbances, 
sinus bradycardia, transient electrocardiographic abnormalities, ventricular fibrillation. 
Digestive: nausea, vomiting, severe unilateral or bilateral swelling of the parotic and submaxil- 
lary glands. 

Nervous: paresthesia, dizziness, convulsions, paralysis, coma. 

Respiratory: increased cough, asthma, jaryngeal edema, pulmonary edema, bronchospasm, 
rhinitis, dyspnea. 

Skin and Appendages: injection site pain usually due to extravasation and/or erythematous 
swelling, skin necrosis. 

Urogenital: osmotic nephrosis of proximal tubular celis, renal failure, pain. 

Special Senses: bilaterai ocular irritation, lacrimation; conjunctival chemasis, infection, and 
conjunctivitis; itching. 

The following reactions may also occur: neutropenia, thrombophlebitis, flushing, pallor, weak- 
ness, severe retching and choking, wheezing, cramps, tremors, and sneezing. 

HOW SUPPLIED 

ISOVUE-128: 10x50 mL vials; ISOVUE-300: 10x50 mL vials and 10 x 100 mL bottles: ISOVUE-370: 
10x50 mL viais and 10 x 100 mL, 10 x 150 mL and 10x200 mL bottles; ISOVUE-M 200: 10x20 mL 
vials; ISOVUE-M 300: 10 x 15 mL viais. 

STORAGE 


ISOVUE”" and FSOVUE-M”® (iopamidol injection} should be stored at room temperature not 
exceeding 86° F Protect from light. 


For full prescribing information consult package insert. 
J3-702A/J3-652D/J3-653E. 


© 1987 E.R. Squibb & Sons, inc., Princeton, NJ 647-509 Issued: September 1987 
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strongest service organ- 


à å ‘ = 110 local offices 
-ization in the industry. 


Over 2,400 service engineers 
are strategically deployed in the US. 
alone to keep response times short. 
This field strength is supported 
through 110 local offices...and acces- 
sible to you with just one phone call. 


The GE Medical Systems Institute 
is the largest 
training 
facility of its 
kind. And 
our people 
envest more 
than 300,000 
hours each 
year in class- 
| room and 

` hands-on 


. » instruction to 
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ii L bring the 
>. highest level of 


it. And GE fields the “ER s to your 





service needs. 


Dedication 
1s another 
strong point. 
For example, 
theres the GE support engineer in 
Florida who ignored hurricane warn- 
ings to deliver a needed CT tube. 
And the service team that worked the 
weekend to rig a battery-powered x-ray 
room when flash floods knocked out 
electricity to the only hospital in a 
remote area. 


With GE service, you're assured of 
service people who know your 
equipment and care about your 
operations. 


And that’s the strongest service 
protection of all. 


There’s never been a 
better time to choose GE... 
See why at RSNA. 


GE Medical Systems 









Pick the right dedicated 


mammography system 
for your needs. 


XEROX is a trademark of XEROX CORPORATION. 


ái 


A full line of dedicated mammography 
systems with a variety of options and 
accessories lets you pick exactly the 
system that meets your breast imaging 
needs—and your budget. 


Optimized breast imaging 


All Xerox systems combine state- 
of-the-art technology with ergonomic 
design to assure the highest quality 
images and smooth patient flow. 


Designed with comfort and conven- 
ience in mind, these systems feature 
long source-to-image dis- 
tances to allow access 
space for all sizes of 
patients, plus room for 
localization procedures. 
~ + ~ The technologist can face 
| © the patient while posi- 
| | tioning. Tall women can 
be examined standing, for 
| faster throughput. 









All systems feature the latest 
| im microprocessor generator 
| design, including program- 

Re a mable techniques or touch- 

= | control panels with full display 
| of exposure settings. The auto- 


~ sitivity and placement to opti- 
mize any imaging requirement. 


These powerful systems are 

designed for short exposure times 

with both xeroradiography and 
gridded screen-film techniques. 
With the highest mA ratings, 
Xerox systems can handle even 

the largest patient. 

fs 


The right system for 
your practice 


Each Xerox mammography system, 
from the most powerful to the most 
basic, offers the high-resolution, high- 
contrast imaging and the low x-ray 
dose your practice requires. Designed 
for excellence in image quality, this 
complete line of mammography sys- 
tems allows you to choose the most 
cost-effective match of features and 
flexibility for your practice. 


TTE 


Whatever your breast imaging needs, Xerox delivers the arrangement. 


120 XRE—the most versatile and 
most powerful system available. 
Unique axial rotation and tube angula- 
tion accommodate positioning for any 
desired view, including unusual posi- 
tioning for imaging problem areas. 

A powerful three-phase generator 

and an exposure range up to 59 kV 
and 300 mA assure the shortest 
exposure times. 


LIS Seriés—smaller, lower-cost sys- 
tems offering full capability imaging 
for screening and diagnostic mammog- 
raphy, including magnification. 


115 XRE—x-ray system for xero- 
radiography with built-in compatibil- 
ity for moving grid and automatic 
exposure control. Ideal for dual 
imaging—xeroradiography and 
screen-film. 


115 XR—basic system for xero- 
radiography with tungsten target 
and three-phase generator. 


115 FSE—molybdenum target, 
automatic exposure control, rigid 
compression for screen-film imag- 
ing. Three-phase generator. 


The 115 Series is also available 
with a single-phase generator for 
power-restricted installations or 
lower budgets. 


All systems feature dual focus x-ray 
tubes with magnification as standard. 
Moving grids, automatic compression 
and other accessories are available to 
meet any needs. Your choice of options 
can design the system that is exactly 
right for your practice today, with the 
capacity to expand for tomorrow. 


XEROX MEDICAL SYSTEMS 
125 North Vinedo Avenue 

PO. Box 5786 

Pasadena, CA 91107-0786 

(818) 356-1221 
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REFERRAL BUILDING 
IMAGE QUALITY. 


WHY SETTLEFOR LESS? 


EXPERT Image Quality 

The 1200 EXPERT’ delivers the image quality needed to give your 
CT service a competitive edge. Only the EXPERT combines high 
spatial resolution with exceptional low contrast sensitivity for the 
best visualization of spinal cord and disk. And that means you'll 
get the image quality you need to increase referrals and accelerate 
return-on-investment. 

EXPERT Diagnostic Accuracy 


The 1200 EXPERT delivers new spine imaging capabilities that are 
becoming the diagnostic standards demanded by orthopedic and 
neurosurgeons. Now you can take full advantage of EXPERT spine 
exams that include instant oblique reformatting to display the 
spine at any angle. You ll achieve excellent visualization of 
herniated disks and the surrounding nerve roots without lengthy 
postprocessing. 

The Referral Builder 


EXPERT offers the most advanced imaging and display techniques 
in the industry. Like new spine specific algorithms and special 
display features to maximize the diagnostic information available 
to referring physicians. And referral-building protocols for routine 
and special studies such as 3-D display, xenon blood flow, cardiac 
assessment, bone mineral QCT, dynamic flow studies and 
much more. 

The 1200 EXPERT 


A 2,000,000 H.U. X-ray tube means minimized tube cooling delays 
and maximized image quality. Add our new Level II Imaging Soft- 
ware with concurrent processing and you can handle three to four 
complete patient studies per hour, routinely. 


1200 EXPERT . . . Why Settle For Less? 


For more information on the 1200 EXPERT and its exciting referral 
building capabilities, ask for our free Spine Imaging Pack. Write 
Picker International, 595 Miner Road, Highland Heights, Ohio 
44143, or call 216-473-3000. CIRCLE 13 ON READER SERVICE CARD 
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Curved structures such as the spinal cord, aorta, 
or nerve roots can be displayed in a single refor- 
malted plane, by simply defining the curve with 
the Cursor. 





A composite three-dimensional display of both bone 
and soft tissue allows the spinal cord and nerve 
roots to be visualized through a transparent dis- 
play of the spine. 
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Full data display of a reformatted image gives 
referring physicians a complete view of an area of 
interest. These views can be saved on disk or ar 
chived to tape for instant review. 
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THE IMAGE OF EXCELLENCE 


In intrathecal imaging: 


Because you cant be sure Now 
every patient will react... 


Improve the safety profile. 


Better patient tolerance, measured 
subjectively and objectively."° 







Reactions After Myelography Percent of Patients 





No reaction 


Headache 





Nausea 
Vomiting 
Pain 


Dizziness 





Mental symptoms 


E] lonexc 
ria bt 


0 
7 624 
4 
E Metrizamide 
13 (n = 450) 


A 
Adapted from Shaw el at” Data on file, Winthrop Pharmaceuticals * 

All adverse reactions reported are included andare irrespective o! drug 

relationship. If a patient had more than one typeof reaction, each is counted 

separately under thewrespective reaction type 





Other reactions 


D Lower incidence of EEG changes 
compared with iopamidol or metrizamide.®> 


i Excellent diagnostic quality. 
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be next page tor importanoproauc 5 
mation concerning contraindications, warn- 
ings, adverse reactions, patient selection, 
and precautionary recommendations (IOHEXOL) IPE NEW STAN DARD 


INI INTRATHFCAI IMAGING. 


OMNIPAQUE’ 


INJECTION (IOHEXOL) 
INTRATHECAL 





PLEASE CONSULT FULL PRODUCT INFORMATION BEFORE USING. A SUMMARY FOLLOWS. 


DESCRIPTION: OMNIPAQUE ıs a nonionic, water-soluble radiographic contrast medium tor intrathecal 
administration in concentrations of 180, 240, and 300 mgl/mL Each milliliter of iohexol solution contains 121 mg 
lromethamine and 0 1 mg edetate calcium disodium with the pH adjusted between 6.8 and 7 7 with hydrochloric 
acid or sodium hydroxide All solutions are sterilized by autoclaving. are nonpyrogenic, and contain no 
preservatives. SO unused portions should be discarded 

CONTRAINDICATIONS-Intrathecal: OMNIPAQUE should not be administered to patients with a known 
hypersensitivity to iohexol Myelography should not be performed in the presence of significant local or systemic 
infection where bacteremia is likely Intrathecal administration of corticosteroids with OMNIPAQUE is contraindi- 
cated. Because of the possibility of overdosage, immediate repeat myelography in the event of technical failure is 
contraindicated 

WARNINGS-General: I! grossly bloody CSF is encountered. the possible benelits of a myelographic procedure 
should be considered in terms of the risk to the patient 

Caution is advised in patients with a history of epilepsy, severe cardiovascular disease. chronic alcoholism, or 
multiple sclerosis 

Elderly patients may present a greater risk following myelography The need for the procedure in these patients 
should be evaluated carefully Special attention must be paid to dose and concentration of the medium used 
hydration, and technique used 

Patients who are receiving anticonvulsants should be maintained on this therapy Should a seizure occur 
intravenous diazepam or phenobarbital sodium is recommended In patients with a history of seizure activity who 
are nol on anticonvulsant therapy. premedication with barbiturates should be cons dered 

Prophylactic anticonvulsant treatment with barbiturates should be considered in patients with evidence of 
inadvertent intracranial entry of a large or concentrated bolus of the contrast medium, since there may be an 
increased risk of seizure in such cases 

Drugs that lower the seizure threshold, especially phenothiazine derivatives, including those used for their 
antihistamine or antinauseant properties, are not recommended tor use with OMNIPAQUE Others include MAO 
inhibitors. tricyclic antidepressants, CNS stimulants, and psychoactive drugs described as analeplics. major 
tranquilizers, or antipsychotic drugs While the contributory role of these medications has not been established 
the use of such drugs should be based on physician evaluation of potential benefits and potential risks Physicians 
have discontinued these agents al least 48 hours before and tor at least 24 hours postprocedure Care is required 
in patient Management to prevent inadvertent intracranial entry of a large dose or concentrated bolus of the 
medium Also. effort should be directed to.avoid rapid dispersion of the medium causing inadvertent rise in 
intracranial levels (eg, by active patient movement). Direct intracisternal or ventricular administration tor standard 
radiography (not CT) is not recommended 

In most reported cases of major motor seizures wilh nonionic myelographic media, one or more of the following 
faclors were present Therefore avoid 
e Deviations from recommended procedure or in myelographic management 
e Use in patients with a history of epilepsy 
e Overdosage 
e Intracranial entry of a bolus or premature diffusion of a high concentration of the medium 
e Medication with neuroleptic drugs or phenothiazine antinauseants 
e Failure to maintain elevation of the head during the procedure. on the stretcher, or in bed 
e Excessive and particularly active patient movement or straining 
PRECAUTIONS—General: Diagnostic procedures that involve the use of radiopaque diagnostic agents should 
be carried out under the direction of personnel with the prerequisite training and with a thorough knowledae of the 
particular procedure to be performed. Appropriate facilities should be available for coping with any complication of 
the procedure, as well as for emergency treatment of reactions to the contrast agent Itself After parenteral 
administration of a radiopaque agent, competent personnel and emergency facilities should be available. since 
delayed reactions have been reported (see ADVERSE REACTIONS) 

Preparatory dehydration may be dangerous and may contribute to acute renal failure in patients with advanced 
vascular disease, diabetic patients, and in susceptible nondiabetic patients (often elderly with preexisting renal 
disease) Dehydration in these patients seems to be enhanced by the osmotic diuretic action of contrast agents 
Patients should be well hydrated prior to and following iohexo! administration 

The possibility of a reaction, including serious. life-threatening, fatal, anaphylactoid. or cardiovascular 
reactions, should always be considered (see ADVERSE REACTIONS) Therefore. it is of utmost importance that a 
course of action be carefully planned in advance for the immediate treatment of serious reactions, and that 
adequate and appropriate facilities and personnel be readily available in case of a severe reaction 

The possibility of an idiosyncratic reaction in susceptible patients should always be considered (see ADVERSE 
REACTIONS). The susceptible population includes patients with a history of a prev ous reaction to contrast media 
patients with a known sensilivity to iodine per se, and patients with a known clinical hypersensitivity bronchial 
asthma, hay tever, and food allergies 

A thorough medical history with emphasis on allergy and hypersensitivity. prior to the injection of any contrast 
medium, may be more accurate than pretesting in predicting potential adverse reactions 

A positive history of allergy or hypersensitivity does not arbitrarily contraindicate the use of a contrast agent 
where a diagnostic procedure is thought essential, but caution should be exercised (see ADVERSE REACTIONS) 
Premedication with antihistamines or corticosteroids, to avoid or minimize possible allergic reactions in such 
patients, should be considered 

In patients with severe renal insufficiency or failure, compensatory biliary excretion of the drug is anticipated to 
occur with a slow clearance into the bile. Patients with hepalorenal insufficiency should not be examined unless 
the possibility of benefit clearly outweighs the additional risk Sterile technique must be used with any spinal 
puncture 

When OMNIPAQUE is to be injected using plastic disposable syringes, the contrast medium should be drawn 
into the syringe and used immediately If nondisposable equipment is used. scrupulous care should be taken to 
prevent residual contamination with traces of cleansing agents Parenteral drug products should be 
inspected and discarded if particulate matter or discoloration is present. 

Repeat Procedures. \t in the clinical judgment of the physician sequential or repeal examinations are required. a 
suitable interval of time between administrations should be observed to allow for normal clearance of the drug 
from the body 
Information for Patients: When receiving injectable radiopaque diagnostic agents, inform your physician 

If you are pregnant, if you are diabetic, if you have multiple myeloma, pheochromocytoma, homozygous sickle 

cell disease, or known thyroid disorder; if you are allergic to any drugs or food or if you had any reactions to 

previous injections of dyes used for x-ray procedures; about any other medications you are currently taking, 
including nonprescription drugs, before you are administered this drug 
Drug Interactions (See WARNINGS-—General): In nonelective procedures in patients on the drugs described 
consider prophylactic use of anticonvulsants 
Carcinogenesis, Mutagenesis, Impairment of Fertility: No long-term animal studies have been pertormed 
to evaluate carcinogenic potential. mutagenesis, or whether OMNIPAQUE can affect fertility in men or women 
Pregnancy Category B: Reproduction studies have been pertormed in rats and rabbits with up to 100 limes the 
recommended dose No evidence of impaired fertility or harm to the fetus has been demonstrated due to 
OMNIPAQUE; there are, however, no studies in pregnant women Because animal reproduction studies are not 
always predictive of human response, this drug should be used during pregnancy only if clearly indicated 


OMNIPAQUE ® injection (iohexol) 


Nursing Mothers: It is not known to what extent iohexol is excreted in human milk However many injectable 
contrast agents are excreted unchanged in human milk. Although it has nol been established that serious adverse 
reactions occur in nursing infants, caution should be exercised when intravascular contrast media are 
administered to nursing women. Bottle feedings may be substituted for breast feedings tor 24 hours following 
administration of OMNIPAQUE 
Pediatric Use: Safety and effectiveness in children have not been established 
ADVERSE REACTIONS-Intrathecal: The most frequently reported adverse reactions with OMNIPAQUE 180 
OMNIPAQUE 240, and OMNIPAQUE 300 are headache, mild to moderate pain including backache. neck ache and 
Stiffness, nausea and vomiting These reactions usually occur 1 to 10 hours after injection. and almost all occur 
within 24 hours. They are usually mild to moderate in degree. lasting for a few hours and usually disappearing 
within 24 hours. Rarely, headaches may be severe or persist for days Headache is often accompanied by nausea 
and vomiting and tends to be more frequent and persistent in patients not optimally hydrated Transient alterations 
in vital signs may occur and their significance must be assessed on an individual basis Those reactions reported 
in clinical studies with OMNIPAQUE are listed below in decreasing order of occurrence. based on clinical studies 
of 1,624 patients 
Headaches’ The most frequently occurring adverse reaction following myelography has been headache, with an 
incidence of approximately 18% Headaches may be caused either by a direct effect of the contrast medium or by 
CSF leakage at the dural puncture site. However, in managing the patient, it is considered more important to 
minimize intracranial entry of contrast medium by postural management than to attempt to contro! possible CSF 
leakage (see PATIENT MANAGEMENT) 
Pain Mild to moderate pain including backache, neck ache and stittness, and neuralgia occurred following 
injection, with an incidence of about Bo, 
Nausea and Vomiting. Nausea was reported with an incidence of about 6%, and vomiting about 3% (see PATIENT 
MANAGEMENT), Maintaining normal hydration is very important The use of phenothiazine antinauseants is not 
recommended (see WARNINGS-General) Reassurance to the patient thal the nausea will clear usually is all that is 
required 
Dizziness. Transient dizziness was reported in about 2% of the patients 
Other Reactions: Other reactions occurring with an individual incidence of less than 0 1% included feeling of 
heaviness, hypotension, hypertonia. sensation of heat, gor vertigo, loss of appetite, drowsiness 
hypertension, photophobia, tinnitus, neuralgia, paresthesia, difficulty in micturition. and neurological changes All 
were transient and mild with no clinical sequelae 
General Adverse Reactions to Contrast Media: Physicians should remain alert for the occurrence ot adverse ettects 
in addition to those discussed above, particularly the following reactions which have been reported in the literature 
for other nonionic, water-soluble myelographic media and rarely with iohexol These have included. but are not 
limited to. aseptic and bacterial meningitis and CNS and other neurologic disturbances 

An aseptic meningitis syndrome has been reported rarely (less than 0 01%) It was usually preceded by 
pronounced headaches, nausea, and vomiting Onset usually occurred about 12 to 18 hours postprocedure 
Prominent features were Meningismus and fever, sometimes with oculomotor signs and mental contusion Lumbar 
puncture revealed a high white cell count and high protein content, often with a low glucose level and absence of 
organisms. The condition usually started to clear spontaneously about 10 hours after onset. with complete 
recovery over 2 to 3 days 
Allergy or ldiosyncrasy: Chills, fever, protuse diaphoresis. pruritus, urticaria, nasal congestion. dyspnea. and 
Guillain-Barré syndrome 
CNS Irritation Mild and transitory perceptual aberrations, such as hallucinations, depersonalization, amnesia 
hostility, amblyopia, diplopia. photophobia. psychosis, insomnia. anxiety, depression. hyperesthesia, visual or 
auditory or speech disturbances, confusion and disorientation. In addition. malaise. weakness EEG changes 
meningismus, hyperreflexia or areflexia, hypertonia or flaccidity, hemiplegia, paralysis. quadriplegia, restlessness 
tremor, echoacousia, echolalia, asterixis, and dysphasia have occurred 

Profound mental disturbances have also rarely been reported. various forms and degrees of aphasia. mental 
contusion. or disorientation Onset s usually at 8 to 10 hours and lasts for about 24 hours Occasionally, they have 
been manifest as apprehension, agitation, or progressive withdrawal in several instances to the point af 
somnolence. stupor, and coma. In a few cases, these have been accompanied by transitory hearing loss or other 
auditory symptoms and visual disturbances (believed subjective or delusional), including unilateral or bilateral 
loss of vision, which may last for hours. In one case, persistent cortical loss of vision has been reported in 
association with convulsions. Ventricular block has been reported, amnesia of varying degrees may be present tor 
the reaction event 

Rarely. persistent though transitory weakness in the leg or ocular muscles has been reported Peripheral 
neuropathies have been rare and transitory They include sensory and/or motor or nerve root disturbance 
myelitis. persistent leg muscle pain or weakness, 6th nerve palsy, or cauda equina syndrome Muscle cramps 
fasciculation or myoclonia, spinal convulsion, or spasticity are unusual and have responded promptly to a small 
intravenous dose of diazepam 

In general, the reactions thal are known to occur on parenteral administration of iodinated contrast agents are 
possible with any nonionic agent Approximately 95% of adverse reactions accompanying the use of water-soluble 
contrast agents are mild to moderate in degree. However, severe, life-threatening, anaphylactoid. and fatal 
reactions, mostly of cardiovascular origin, have occurred Adverse reactions to injectable contrast media fall into 
two categories: chemotoxic reactions and idiosyncratic reactions 
Chemotoxic reactions result from the physicochemical properties of the contrast medium, the amount of the dose 
and the speed of injection All hemodynamic disturbances and injuries to organs or vessels perfused by the 
contrast medium are included in this category 
Idiosyncratic reactions occur more frequently in patients 20 to 40 years old and may or may not be dependent on 
the amount of dose injected, the speed of injection, and the radiographic procedure They are subdiviced into 
minor, intermediate, and severe The minor reactions are self-limited and of short duration. the severe reactions 
are life-threatening, and treatment is urgent and mandatory 

The reported incidence of adverse reactions to the contrast medium in patients with a history of allergy is twice 
that of the general population Patients with a history of previous reactions to a contrast medium are three limes 
more susceptible than other patients However, sensitivity to contrast media does nol appear to increase with 
repeated examination 

Most adverse reactions to injectable contrast media appear within 1 to 3 minutes after the start of injection, but 
delayed reactions may occur 
OVERDOSAGE: Although clinical consequences of overdosage with OMNIPAQUE have not been reparted 
physicians should be aware that incorrect management of the patient can permit inadvertent early intracranial entry 
of normal doses of the medium. thereby increasing CNS reactions 

The intracisternal LDso value of OMNIPAQUE (in grams of iodine per kilogram body weight) ıs greater than 2 0 
n mice 


References: 1. Kieffer SA, Binet EF Davis DO, et al: Lumbar myelography with iohexol and metrizamide 

A comparative multicenter prospective study Radiology 1984, 151.665-670. 2. Shaw DD. Bach-Gansmo T, 
Dahlstrom K: lohexol: summary of North American and European clinical trials in adult lumbar, thoracic, and 
cervical myelography with a new nonionic contrast medium. /nvest Radiol 1985; 20(supp! 1).44-50 3. Latchaw RE 
Hirsch WL Jr, Horton JA, et al: lohexol vs metrizamide: Study of efficacy and morbidity in cervical myelography 
AJNR 1985; 6:931-933. 4. Data on tile. Winthrop Pharmaceuticals 5. Lamb JT. lohexol vs ‘opamido! tor 
myelography /avest Radiol 1985; 20(suppl 1):37-43 
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Technological leadership 

Image quality 

Throughput - 
Lifecost 

Total service 


The greater e financial risk associated with diagnostic 
g technology, the more likely it is that you will 
require stronger proof of the benefits of that purchase. 

As a basis for a partnership with our customers, 
Toshiba's primary objective is to ensure our customer's 
success, both diagnostically and financially 
Ultimately it’s your clinical experience that gives usan 
accurate picture of your needs. And, because we listen 
closely to our customers, we respond to those needs 
with the right product at the right time. 

Based on your input, our criteria for excellence is: 
technical leadership, image quality, throughput, lifecost, 
and total service to the customer. 
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TECHNOLOGICAL LEAD ERG HEP 





We place a high priority on technology, 
because you do. 


Toshiba has integrated its diverse corporate resources to synergistically blend and sys- 
tematize electronics and energy technologies. Consistently innovative high quality 
products are the result of this vertical integration. 

Cver 100 years of technological innovation have made Toshiba the broadest 
technolegy-based diagnostic imaging manufacturer in the world; with X-ray tubes, 
image intensifiers, ultrasound transducers, patient positioners, magnets, semiconductors 
and computers. The Toshiba Medical Engineering Center, located in Nasu, Japan, is 
the world’s largest research facility devoted strictly to medical imaging. This research 
capability, combined with joint research projects with leading-edge organizations around 
the world, has propelled us to the forefront in applying computer technology to 
diagnostic excellence. 

Toshiba is already applying digital technology to communication in radiology 
systems: integration across modalities and the networking of diagnostic imaging. Through 
a joint research program with the University of Arizona, Toshiba is working toward the 


development of an advanced Total Digital | 
Imaging System that will make possible a. a. | 
earlier and more accurate medical diag- = a: 








noses. Tne benefits from Toshiba's 
applied digital technology 
include more rapid data avail- 
ability, greater diagnostic accuracy 
and increased cost-effectiveness. 






Toshiba's advanced total digitakimaging system will | a 
make possible earlier and moreaccurate medical diagnoses | č: b N 
by the rapid ratrieval and display of data anywhere within an electronically-linked network of systems. B N 
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IMAGE QUALITY 


Toshibas unsurpassed image quality 
gives you the greatest possible 
diagnostic confidence. 


Our indisputable superiority in this area is demonstrated across the full range of imaging 
modalities: X-ray, CT, Ultrasound, MRI and Nuclear. We constantly strive to 
optimize contrast and spatial resolution and signal-to-noise, to obtain the 

highest levels of image quality that you demand for diagnostic confidence. 
This is demonstrated in ultrasound, where for total control in quality 
and performance, we manufacture all of our own transducers: phased array 
linear, convex and sector, mechanical sector, and specialty probes such as 
transvaginal, transrectal, and interoperative. The Toshiba E-Series probes 
have in their array twice the number of elements found in conventional 
probes: 128 in linear and convex probes, and 96 in sector probes. 
No other company has yet been able to produce 
such compact probes with so many elements. 
And in other modalities, Toshibas technology continues to meet the 
challenge of unsurpassable image quality at the lowest radiation dose 
levels. Toshiba’s new Super Metal Image Intensifier meets this challenge 
for our X-ray systems. And, with Toshiba’s unique CT “Shift Mechanism” 
(providing direct magnification for optimal viewing), Toshiba's CT 
systems meet the challenge as well. 
See for yourself. 












15.19 


TOSHIGA SSH-ASA Sf wx4 03-00 87 
Wane: - os 





The SSA-100 Full Body Vascular Scanner 
provides ultrasound images of outstanding 
resolution and clasity in real time studies. This 
posterior view of aright lobe liver mass was 
taken with Toshibes high resolution convex 
probe. Note the wide field of view. 


The DFP-50 DSA produces images of 
superior diagnostic value in real time 
vascular studies, This study of the right 





carotid artery cemonstrates digital 
acquisition upto 4 x ROI magnification 
as well as subtracted image in both normal 
and reverse image modes. Stenosis measure- 
ment can be easily achieved and landmarks 
easily placed on the image. 
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An example of let ventricular analysis as 
obtained by Toshiba's GCA90-B Nuclear Gamma 
Camera. The phase and amplitude images 
shown are obtained previously by the phase 
analysis programm The ventricular volume curve 
is normalized by the counts in the ventricle at 
end-diastole, anéthe ejection speed is norma- 
lized by the value(ED-ES). 
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Real time blood flow in brilliant color by 
Toshiba's SSH-65 Color Flow Vascular Scanner. 
The image of this common carotid artery can 
be obtained in both Power and Variance Mode. 
Velocities can be accurately determined by 
spectral analysis. 





This dynamic heart study provided by the 
TCT-900S Whole Body Scanner was achieved 
within one second full rotate/nutate scan time. 
Notice there are no streaking artifacts or 
motion artifacts. 


Toshiba's MRI-50A 0.5T MRI system produces 
images of exceptional diagnostic value, as is 
evident in this routine study of the abdomen. 
A standard SPM echo sequence of 1000/30 
clearly depicts two cysts in the right kidney 
without motion. 











This 10mm slice, 400 mAs mid-brain examination 
was achieved within a four second scan time 
with the TCT-600S Whole Body Scanner. The 


enhancement of vessels is due to the injection 
of contrast. 











THROUGHPUT 


Kasy on your patients. 


Major commitments to improve both the image quality and 
throughput of our sites systems simultaneously provides you 
with high levels of 

diagnostic 
confidence and 
short exam times. 
Our system 
architecture is 
designed for rapid 
throughput and 
high rates of 


Through Toshibas patient positioning technology, the low tabletop position of the TCT-6008 (30cm from floor) inf ormation flow 
makes it very easy to accommodate and accurately position pediatric and geriatric patients. p er p atient. 


Each system supports the referring physician with a vast array of patient 

data, rapidly processed and rationally presented for ease of evaluation. 

And, of course, all Toshiba systems are fully integrated and manufactured from 
the ground up for operator ease and operator/patient safety. 


Examination Cycle 





Maximization of patient throughput is the outcome of using a CT scan cycle 
of only 14 minutes. 
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Dt ERGCOST 





Kasy on you. 


Our continued innovation and an upgradeable system design, assures you that your 
equipment from Toshiba will remain state-of-the-art and cost effective, providing you Ø 
the best diagnostic services available. 

The key to cost-effective equipment 
islifecost.So,atToshiba, — = as .... 
efficiency is designed into 
the equipment. For > REN 
example, breakeven on O 
Toshibas TCT-400S is based = “sme u 
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confident ofthe > ib io e 

quality and s 

cost-effectiveness 

of Toshiba diagnostic imaging m 

equipment, we guarantee it. a 
Ninety-five percent uptime. In writing. — Maa 
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TOTAL SERVISE 


A high level of customer service sophistication. 
a wF = = . a 










Git i £a% = Quality products deserve quality service. At Toshiba, 
Woe 2-2 ee) our philosophy is one of total service. The highest 
—_ a quality and technology are built 
into each and every one of our 
Bess! products to help make your job 
== easier. But our commitment 
doesn’t end there. 
We back our superior imaging products with the 
finest service support in the industry. Our Automated Response Center (ARC) combines 
computer and communications technology to provide 
response to your requests for parts and service 
24-hours a day. And our unique TeleServicing program 
enables Toshiba to respond quickly on critical service 
problems, by direct information transfer that goes to 
the highest level in a matter of hours, often minutes. 
At Toshiba, total service is not only equipment 
repair, it's expert consultation on marketing, financing, 
continuing education and turn-key project development. 
All because customer satisfaction is the bottom line of 
our success. It’s fundamental to Toshiba. 


Toshiba's scope-connected computer analyzes the transmitted waveform, and transmits the 
proper waveform back to the field engineer's scope. 


Toshiba's teleservicing 
helps diagnose field-service problems using i 
special scopes and acoustic modems to transmit information. 






In Touch with Tomorrow 


O- ME TOSHIBA 





A GLOBAL IMAGING SPECIALISTS 
For more information about tomorrow's products in diagnostic imaging, contact your Toshiba representative or call or write Toshiba Medical Systems, 
2441 Michelle Drive, Tustin, CA 92680, (714) 730-5000 or toll-free (300) 421-1968. L 
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-~ lohexol-350 lopamidol-370 
mOsm/kg HO — 796 mOsm/kg H20 
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The distinct advantages 
of the Hexabrix profile 


When you compare the three newer low-osmolality agents, Hexabrix 
not only has the lowest osmolality (per mg iodine), but it also offers 
other important advantages. 


Less heat and pain 


In studies comparing Hexabrix with iohexol-350 and iopamidol-370 for 

peripheral arteriography, Hexabrix patients experienced less pain and 

heat during abdominal aortography than those patients receiving the 
other agents, taken as a group. ' 


Less risk of clotting in vitro 


Hexabrix has been shown to be a stronger inhibitor of red blood cell 
clotting in vitro than iohexol or iopamidol. * 


Lowest viscosity 


At 37°C, Hexabrix (7.5 cps) is less viscous than iopamidol-370 (9.4 cps) 
or iohexol-350 (10.4 cps). 


W t 
nlEXABRUIX 
(ioxaglate meglumine 39.3%/ 
joxaglate sodium 19.6% injection) 
Changing the look of medicine. 


Please see following page for references and brief summary of prescribing information. 





t 
HELABA (ioxaglate meglumine 39.3%/ioxaglate sodium 19.6% injection) 


HEXABRIX® 
Each milliliter of HEXABRIX contains 393 mg of ioxaglate 
meglumine, 196 mg of ioxaglate sodium and 0.10 mg edetate 
calcium disodium as a stabilizer. The solution contains 3.48 
mg (0.15 mEq) sodium in each milliliter and provides 32% 
(320 mg/mL) organically bound iodine 


CONTRAINDICATIONS 
HEXABRIX is contraindicated for use in myelography. Refer to 


PRECAUTIONS concerning hypersensitivity. Hysterosalpingog- 


raphy should not be performed during the menstrual period, 
in pregnant patients; in patients with known infection in any 
portion of the genital tract; or in patients in whom cervical 
conization or curettage has been performed within 30 days 
Arthrography should not be perlormed if infection is present in 


or near the joint. 

WARNINGS 
Serious or tatal reactions have been associated with the 
administration of iodine containing radiopaque media. It is of 
utmost importance to be completely prepared to treat any 
contrast medium reaction 

As with any contrast medium, serious neurologic sequelae, 
including permanent paralysis, can occur following cerebral 
arteriography, selective spinal arteriography and arteriography 
ol vessels supplying the spinal cord. The injection of a 
contrast medium should never be made following the admin- 
istration of vasopressors, since they strongly potentiate neuro- 
logic etfects. 

In patients with subarachnoid hemorrhage, a rare associa- 
tion between contrast administration and clinical deteriora- 
tion, including convulsions and death, has been reported 
Therefore, administration of intravascular iodinated contrast 
media in these patients should be undertaken with caution 

A definite risk exists in the use of intravascular contrast 
agents in patients who are known to have multiple myeloma 
In such instances anuria has developed, resulting in progres- 
Sive uremia, renal failure and eventually death. Although 
neither the contrast agent nor dehydration has separately 
proved to be the cause of anuria in myeloma, it has been 
speculated that the combination of both may be a causative 
factor. The risk in myelomatous patients is not a contraindica- 
tion to the procedure: however, partial dehydration in the 
preparation of these patients for the examination is not recom- 
mended since this may predispose to precipitation of mye- 
loma protein in the renal tubules. No form of therapy, including 
dialysis, has been successtul in reversing the effect. Myeloma, 
which occurs most commonly in persons over 40, should be 
considered before instituting intravascular administration of 
contrast agents 

Administration of radiopaque materials to patients known or 
Suspected to have pheochromocytoma should be performed 
with extreme caution. Ii, in the opinion of the physician, the 
possible benefits of such procedures outweigh the consid- 
ered risks, the procedures may be performed; however, the 
amount of radiopaque medium injected should be kept to an 
absolute minimum. The blood pressure should be assessed 
throughout the procedure, and measures for treatment of a 
hypertensive crisis should be available 

Since intravascular administration of contrast media may 
promote sickling in individuals who are homozygous tor 
sickle cell disease, fluid restriction is not advised. 

In patients with advanced renal disease, iodinated contrast 
media should be used with caution and only when the need for 
the examination dictates, since excretion of the medium may 
be impaired. Patients with combined renal and hepatic dis- 
ease, those with severe hypertension or congestive heart 
lailure and recent renal transplant recipients present an addi- 
tional risk. 

Renal failure has been reported in patients with liver dys- 
function who were given an oral cholecystographic agent 
followed by an intravascular iodinated radiopaque agent and 
also in patients with occult renal disease, notably diabetics 
and hypertensives. In these classes of patients there should be 
No fluid restriction and every attempt made to maintain normal 
hydration prior to contrast medium injection, since dehydra- 
tion is the single most important factor influencing further 
renal impairment. 

Caution should be exercised in performing contrast me- 
dium studies in patients with endotoxemia and/or those with 
elevated body temperatures 

Reports of thyroid storm occurring following the intravas- 
cular use of iodinated radiopaque agents in patients with 
hyperthyroidism or with an autonomously functioning thyroid 
nodule, suggest that this additional risk be evaluated betore 
use of this drug. lodine-containing contrast agents may alter 
the results of thyroid function tests which depend on iodine 
estimation, e.g., PBI, and may also affect results of radioactive 
iodine uptake studies. Such tests, if indicated. should be 
performed prior to the administration of this preparation 


PRECAUTIONS 

Diagnostic procedures which involve the use of iodinated 
intravascular contrast agents should be carried out under the 
direction of personnel skilled and experienced in the particular 
procedure to be performed. All procedures utilizing contrast 
media carry a definite risk of producing adverse reactions. 
While most reactions are minor, life-threatening and fatal 
reactions may occur without warning, and this risk must be 
weighed against the benefit of the procedure. A fully equipped 
emergency cart, or equivalent supplies and equipment. and 
personnel competent in recognizing and treating adverse 
reactions of all types should always be available. If a serious 
reaction should occur, immediately discontinue administra- 
tion. Since severe delayed reactions have been known to occur, 
eo facilities and competent personnel should be avail- 
able for at least 30 to 60 minutes after administration. (See 
ADVERSE REACTIONS.) 

Preparatory dehydration is dangerous and may contribute 
to acute renal failure in infants, — children, the elderly, 
patients with pre-existing renal insufficiency. patients with 
multiple myeloma, patients with advanced vascular disease 
and diabetic patients 

Acute renal failure has been reported in diabetic patients 
with diabetic nephropathy and in susceptible non-diabetic 
patients (often elderly with pre-existing renal disease) follow- 
ing the administration of iodinated contrast agents. Therefore, 
carelul consideration of the potential risks should be given 
before performing this radiographic procedure in these patients. 

Severe reactions to contrast media often resemble allergic 
responses. This has prompted the use o! several provocative 
pretesting methods, none of which can be relied on to predict 
severe reactions. No conclusive relationship between severe 
reactions and antigen-antibody reactions or other manitesta- 
lions of allergy has been established. The possibility of an 
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idiosyncratic reaction in patients who have previously re- 
ceived a contrast medium without ill effect should always be 
considered. Prior to the injection of any contrast medium, the 
patient should be questioned to obtain a medical history with 
emphasis on allergy and hypersensitivity A positive history of 
bronchial asthma or allergy (including food), a family history 
of allergy, or a previous reaction or hypersensitivity to a 
contrast agent may imply a greater than usual risk Such a 
history may be more accurate than pre-testing in predicting 
the potential for reaction, although not necessarily the severity 
or type of reaction in the individual case. A positive history of 
this type does not arbitrarily contraindicate the use of a 
contrast agent when a diagnostic procedure is thought essen- 
tial, but does call for caution. (See ADVERSE REACTIONS.) 

Prophylactic therapy including corticosteroids and antihis- 
lamines should be considered for patients who present with a 
strong allergic history, a previous reaction to a contrast 
medium, or a positive pre-test since in these patients the 
incidence of reaction is two to three times that of the general 
population. Adequate doses of corticosteroids should be 
Started early enough prior to contrast medium injection to be 
effective and should continue through the time of injection and 
for 24 hours after injection. Antihistamines should be admin- 
istered within 30 minutes of the contrast medium injection 
Recent reports indicate that such pre-treatment does not 
prevent serious life-threatening reactions. but may reduce 
both their incidence and severity. A separate syringe should be 
used for these injections. 

General anesthesia may be indicated in the performance of 
some procedures in selected patients, however, a higher 
incidence of adverse reactions has been reported in these 
patients, and may be attributable to the inability of the patient 
to identity untoward symptoms or to the hypotensive effect of 
anesthesia which can prolong the circulation time and in- 
crease the duration of contact of the contrast agent 

Angiography should be avoided whenever possible in pa- 
tients with homocystinuria because of the risk of inducing 
thrombosis and embolism. 


PRECAUTIONS FOR 


SPECIFIC PROCEDURES 
Pediatric Angiocardiography: \t is advisable to monitor for 
ECG and vital signs changes throughout the procedure 


When large individual doses are administered, sufficient. 


time should be allowed for any observed changes to return to 
or near baseline prior to making the next injection 

Caution should be used when making right heart injections 
in patients with pulmonary hypertension or incipient heart 
failure, since this may lead to increased right side pressures 
with subsequent bradycardia and systemic hypotension. Pa- 
tients with pulmonary disease present additional risks 

Caution is advised in cyanotic infants since apnea, brady- 
cardia, other arrhythmias and a tendency to acidosis are more 
likely to occur. 

Since infants are more likely to respond with convulsions 
than are adults, the amount of total dosage is of particular 
importance. Repeated injections are hazardous in infants 
weighing less than 7 kg, particularly when these infants have 
pre-existing compromised right heart function or obliterated 
pulmonary vascular beds. 

Selective Coronary Arteriography with or without left 
ventriculography. During the administration of large doses of 
HEXABRIX, continuous monitoring of vital signs is desirable 
Caution is advised in the administration of large volumes to 
patients with incipient heart failure because of the possibility 
of aggravating the pre-existing condition. Hypotension should 
be corrected promptly since it may result in serious arrhythmias. 

Special care regarding dosage should be observed in 
patients with right ventricular failure, pulmonary hypertension, 
OF stenotic pulmonary vascular beds because of hemodynam- 
ic changes which may occur after injection into the right heart 
outt low tract. 

Peripheral Arteriography: Moderate decreases in blood 
pressure occur frequently with intra-arterial (brachial) injec- 
tions. This change is usually transient and requires no treat- 
ment; however, the blood pressure should be monitored for 
approximately ten minutes following injection 

Extreme caution during injection of the contrast agent is 
necessary to avoid extravasation and fluoroscopy is recom- 
mended. This is especially important in patients with severe 
arterial disease. 

Cerebral Angiography: Cerebral angiography should be 
performed with special caution in patients with advanced 
arteriosclerosis, severe hypertension, cardiac decompensa- 
lion, senility, recent cerebral thrombosis or embolism, and 
migraine. 

Intra-Arteria! Digital Subtraction Angiography The risks 
associated with IA-DSA are those usually attendant with cathe- 
ler procedures. Following the procedure, gentle pressure 
hemostasis is required, followed by observation and immobi- 
lization of the limb for several hours to prevent hemorrhage 
from the site of arterial puncture 

Patient motion, including respiration and swallowing, can 
result in misregistration leading to image degradation and 
non-diagnostic studies. 

Intravenous Digital Subtraction Angiography. The risks 
associated with IV-DSA include those usually attendant with 
catheler procedures and include intramural injections. vessel 
dissection and tissue extravasation. The potential risk is 
reduced when small test injections of contrast medium are 
made under fluoroscopic observation to insure that the cath- 
eter tip is properly positioned and, in the case of peripheral 
placement, that the vein is of adequate size 

Patient motion, including respiration and swallowing, can 
result in misregistration leading to image degradation and 
non-diagnostic studies. 

Peripheral Venography: Special care is required when ven- 
ography is performed in patients with suspected thrombosis, 
phlebitis, severe ischemic disease, local infection or a totally 
Obstructed venous system. 

Extreme caution during injection of contrast media is nec- 
essary to avoid extravasation and fluoroscopy is recommen- 
ded. This is especially important in patients with severe 
arterial Or venous disease. 

Excretory Urography: \nlants and small children should not 
have any fluid restrictions prior to excretory urography. (See 
WARNINGS and PRECAUTIONS concerning preparatory 
dehydration.) 

‘ontrast Enhancement in Body Computed Tomography. 
Patient cooperation is essential since patient motion, includ- 
ing respiration, can markedly affect image quality The use of 
an intravascular contrast medium can obscure tumors in 
patients undergoing CT evaluation of the liver. resulting in a 
false negative diagnosis. Dynamic CT scanning is the proce- 


dure of choice for malignant tumor enhancement 

Arthrography Strict aseptic technique is required to pre- 
vent the introduction ot infection. Fluoroscopic contro! should 
be used to insure proper introduction of the needle into the 
synovial space and prevent extracapsular injection. Aspiration 
of excessive synovial fluid will reduce the pain on injection 
and prevent the dilution of the contrast agent It is important 
that undue pressure not be exerted during the injection 

Hysterosalpingography: Caution should be exercised in 
palients suspected of having cervical or tubal carcinoma to 
avoid possible spread of the lesion by the procedure Delayed 
onset of pain and tever (1-2 days) may be indicative of pelvic 
infection 

Carcinogenesis, Mutagenesis, impairment of Fertility: No 
long-term animal studies have been performed to evaluate 
carcinogenic potential. However, animal studies suggest that 
this drug is not mutagenic and does not affect tertility in males 
or females 

Pregnancy Category B: Reproduction studies have been 
performed in rats and rabbits at doses up to two times the 
Maximum adult human dose and have revealed no evidence of 
impaired fertility or harm to the fetus due to HEXABRIX. There 
are, however, no adequate and well controlled studies in 
pregnant women. Because animal reproduction studies are not 
always predictive of human response, this drug should be 
used during pregnancy only it clearly needed 

Nursing Mothers: \oxaglate salts are excreted unchanged in 
human milk Because of the potential for adverse effects in 
nursing infants, bottle feedings should be substituted tor breast 
amp for 24 hours following the administration of this 

rug 

Pediatric Use: Satety and effectiveness in children has been 
established in pediatric angiocardiography and intravenous 
excretory urography Data have not been submitted to support 


the satety and effectiveness of HEXABRIX in any other indication. 


(Precautions for specific procedures receive comment 
under thal procedure.) 


ADVERSE REACTIONS 
Adverse reactions to injectable contrast media tall into two 
categories: chemotoxic reactions and idiosyncratic reactions. 

Chemotoxic reactions result from the physiochemical prop- 
erties of the contrast media, the dose and the speed of 
injection. All hemodynamic disturbances and injuries to or- 
gans or vessels pertused by the contrast medium are included 
in this category 

Idiosyncratic reactions include all other reactions. They 
occur more frequently in patients 20 to 40 years old. Idiosyn- 
cratic reactions may or may not be dependent on the dose 
injected, the speed of injection, the mode of injection and the 
radiographic procedure. Idiosyncratic reactions are subdivided 
into minor, intermediate and severe. The minor reactions are 
self-limited and of short duration; the severe reactions are 
life-threatening and treatment is urgent and mandatory. 

NOTE: Not all of the following adverse reactions have been 
reported with HEXABRIX. Because HEXABRIX is an iodinated 
intravascular Contrast agent, all of the side effects and toxicity 
associated with agents of this class are theoretically possible, 
and this should be borne in mind when HEXABRIX is 
administered 

Severe, life-threatening anaphylactoid reactions, mostly of 
Cardiovascular origin, have occurred following the administra- 
tion of HEXABRIX as well as other iodine-containing contrast 
agents. Most deaths occur during injection or 5 to 10 minutes 
later, the main feature being cardiac arrest with cardiovascular 
disease as the main aggravating factor. Isolated reports of 
hypotensive collapse and shock are found in the literature. 
Based upon clinical literature, reported deaths from the ad- 
ministration of conventional iodinated contrast agents range 
from 6.6 per 1 million (0.00066 percent) to 1 in 10,000 patients 
(0.01 percent) 

Regardless of the contrast agent employed. the overall 
estimated incidence of serious adverse reactions is higher 
with coronary arteriography than with other procedures. Car- 
diac decompensation. serious arrhythmias, or myocardial is- 
chemia or infarction may occur during coronary arteriography 
and left ventriculography 

The most frequent adverse reactions are nausea, vomiting, 
facial flush and a teeling of body warmth. These are usually of 
brief duration. In double-blind clinical trials, HEXABRIX pro- 
duced less discomfort upon injection (pain and heat) when 
compared to various other contrast agents. Other reactions 
include the following 

Hypersensitivity reactions: Dermal manifestations of urti- 
Caria with or without pruritus, erythema and maculopapular 
rash. Dry mouth. Sweating. Conjunctival symptoms. Facial, 
peripheral and angioneurotic edema. Symptoms related to the 
respiratory system include sneezing, nasal stutfiness, cough- 
ing. choking, dyspnea, chest tightness and wheezing, which 
may be initial manifestations of more severe and infrequent 
reactions including asthmatic attack, laryngospasm and bron- 
chospasm with or without edema, pulmonary edema, apnea 
and cyanosis. Rarely. these allergic-type reactions can pro- 
gress into anaphylaxis with loss of consciousness, coma, 
severe Cardiovascular disturbances, and death 

Cardiovascular reactions: Generalized vasodilation. flush- 
ing and venospasm. Occasionally thrombosis or, rarely, throm- 
bophiebitis. Extremely rare cases of disseminated intravascular 
Coagulation resulting in death have been reported. Severe 
Cardiovascular responses include rare cases of ensive 
shock. coronary insufficiency, cardiac arrhythmia, fibrillation 
and arrest. These severe reactions are usually reversible with 
prompt and appropriate management; however, fatalities have 
occurred. 





Technique reactions: Extravasation with burning pain, he- 
matomas, ecchymosis and tissue necrosis, vascular constric- 
tion due to injection rate, thrombosis and thrombophlebitis 

Neurological reactions: Spasm, convulsions, aphasia, syn- 
cope, paresis, paralysis resulting from spinal cord injury and 
pathology associated with the syndrome of transverse myeli- 
lis, visual field losses which are usually transient but may be 
permanent, coma and death 

Other reactions. Headache, trembling. shaking, chills with- 
Out fever, hyperthermia and lightheadedness. Temporary renal 
shutdown or other nephropathy 

Pediatric angiocardiography has been complicated by intra- 
mural injection with marked adverse effects on cardiac function 

During selective coronary arteriography with or without lett 
ventriculography, patients may have clinically insignificant 
ECG changes. The following adverse effects have occurred in 
conjunction with the administration of iodinated intravascular 
contrast agents for this procedure: hypatension, shack, angi- 
nal pain, myocardial infarction, cardiac arrhythmias (bradycar- 
dia, ventricular tachycardia, ventricular fibrillation) and cardiac 
arrest. Fatalities have been reported. Complications to the 
procedure include dissection of coronary arteries. dislodge- 
ment of atheromatous plaques, pertoration, hemorrhage and 
thrombosis. 

Following peripheral arteriography, hemorrhage and throm- 
bosis have occurred at the puncture site of the percutaneous 
injection. Brachial plexus injury has been reported following 
axillary artery injection 

The major causes of cerebral arteriographic adverse reac- 
lions appear to be repeated injections of the contrast material, 
administration of doses higher than those recommended, the 
presence of occlusive atherosclerotic vascular disease and the 
method and technique of injection Adverse reactions are 
normally mild and transient. A feeling of warmth in the face 
and neck is frequently experienced. infrequently, a more severe 
burning discomfort is observed Transient visual hallucina- 
tions have been reported. Serious neurological reactions that 
have been associated with cerebral angiography and not listed 
under Adverse Reactions include stroke. amnesia and respir- 
atory difficulties. Visual field defects with anopsia and reversi- 
ble neurological deficit lasting from 24 hours to 48 hours have 
been reported. Confusion, disorientation with hallucination, 
and absence of vision sometimes lasting for one week have 
also been reported. Cardiovascular reactions that may occur 
with some frequency are bradycardia and either an increase or 
Gecrease in systemic blood pressure. The blood pressure 
change is transient and usually requires no treatment. Ar- 
thr may induce joint pain or discomfort which is 
usually mild and transient but occasionally may be severe and 
persist for 24 to 48 hours following the procedure. Ettusion 
requiring aspiration may occur in patients with rheumatoid 
arthritis. Fever and pain, cramping and tenderness of the 
abdomen have been reported following hysterosalpingography. 


OVERDOSAGE 

Overdosages may occur. The adverse effects of overdosage are 
life-threatening and affect mainly the pulmonary and cardio- 
vascular systems. The symptoms may include cyanosis, brady- 
cardia, acidosis, pulmonary hemorrhage, convulsions, coma 
and cardiac arrest. Treatment of an overdose is directed toward 
the support of all vital functions and prompt institution of 
symptomatic therapy 

loxagiate salts are dialyzable 

The intravenous LDsq values of HEXABRIX (in grams of 
iodine/kilogram body weight) were 11.2 g/kg in mice, >8 g/kg 
in rats, >6.4 g/kg in rabbits and >10.2 g/kg in dogs. 


DOSAGE AND ADMINISTRATION 
Details on dosage are provided in the package insert. CON- 
SULT FULL PACKAGE INSERT BEFORE USE 
Rev. Jan. 1987 
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Exhibit A: Symme 


The best sector images differences that you miss with other technologies. 
in the industry. Our 10 MHz probe technology and digital RF signal 
Who really provides the best image quality and technology? processing set the industry standard for vascular and small 
We believe the evidence is there for everyone to see. Take a parts imaging. The higher frequencies achievable with 
close look at Diasonics’ superior images. Then you symmetrical phased array technology enable 







be the judge. 
With our SPA 1000, you'll find the superior 

spatial and contrast resolution that leads to greater 

diagnostic confidence. And the ease 


you to visualize subtle pathologies. 
Symmetrical phased arrays provide 
superior sensitivity, which permits you to 
scan obese patients at higher frequencies. 
of use that increases patient Theres no need to revert to the lower 
throughput. A aA O -resolution produced by lower 
Quite simply put, the SPA 1000 n E LAN %® transducer frequencies. 
produces the best sector imaging — n — Along with such extensive 
available anywhere. Superior image imaging advantages, the SPA 
quality is established by our wide 1000 provides deep abdominal 
aperture, symmetrical phased array Doppler to analyze the hemo- 
technology, with all of its inherent dynamics of blood flow and 
advantages over standard phased expand your clinical capabilities. 
linear and annular array technologies. That’ only some of the 
Symmetrical focusing produces evidence that proves the superiority 
the thinnest tomographic sector of the Diasonics SPA 1000. But 
slice over the entire depth. Our wider dont take our word for it. Examine 
apertures — up to 30 mm — allow you the images and the technology, 
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to see the subtle gray scale tissue Ppp ae 1 A and judge for yourself 
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NEAR FOCUS 2 MID FOCUS 





Excellent spatial resolution shows facial detail on Transverse view of the upper abdomen showing 
a 9-week fetus. enlargement of the lymph nodes due to chronic 
lymphocytic leukemia. 


MID FOCUS 1 FAR FOCUS 





> Both renal arteries are visualized with excellent Intercostal sagittal scan demonstrating a large 
detail as they branch from the abdominal aorta. cyst on the upper pole of the left kidney and an 
enlarged spleen. 





A Habit of Innovation 





you about the compromises they made to 
generalize their probe technology 

Were more specific about our probe 
technology. Weve developed a wide variety 
of probes, each one optimized for a specific 
clinical application. That way, you never 
have to compromise on performance or 
your diagnosis. 
For example, our unique transrectal probe gives you 
multiple scan planes for continuous imaging from full 
sagittal to full transverse. As a result, you achieve full, three- 
dimensional interrogation of the prostate, something 
you cant do with either linear or phased arrays. 





The right technology for Our transvaginal probe, which operates at 75 MHz, 
the right clinical application. was specifically designed for early fetal viability studies, IVF 
Some ultrasound companies claim that a single probe and other obstetric and pelvic applications. This probe pro- 
can work for many different applications. But they dont tell duces a wider sector image with higher resolution, so you 





7.5 MHz transvaginal scan depicting multiple 7.5 MHz transrectal sagittal scan demonstrating s 
follicles in the right ovary. a 2.7mm lesion in the peripheral zone of the 
prostate. 





Specialty Probes 


see the detail and structures that other probes fail to reveal. 

For simultaneous imaging and Doppler for vascular 
exams, you need the higher resolution of our 10 MHz vascular Á 
and small parts probe. To eliminate the compromises of 
single-transducer probes, our unique design incorporates 
two separate transducers: one clinically optimized for 
Doppler, the other for imaging. 

The 10 MHz probe also provides the high resolution 
you need for confident diagnoses in thyroid, breast and 
testicular exams. 

Our Micro-Sector probe provides high-quality images 
and sensitive pulsed Doppler for precise deep abdominal 
studies. The probes small size facilitates ease of use and 
improves anatomical accessibility. 

Theres only one way to find out if an ultrasound 
company is using the right technology for the right applica- 
tion. Ask some probing questions. We have the answers. 







US 








* True 10 MHz axial and lateral resolution provides High-resolution 10 MHz sagittal image of an 
the ability to detect a 4mm ulceration in a abnormal neonatal spine. 
soft plaque. 
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EXAMINE THE EVIDENCE 


A sagittal image depicting the origin of the celiac Coronal scan through the liver demonstrating 
trunk and SMA branching from the abdominal the IVC and right renal artery. 
aorta. 





High-resolution abdominal array image showing Carotid bifurcation showing the CCA, ECA, ICA 
blood flow within the IVC and portal venous and the superior thyroid artery posterior to the 
system. bifurcation. 


Flow Mapping 


Whole-body CFM without 
clinical compromise. 

For abdomina Doppler and high-resolution peripheral 
vascular exams, Color Flow Mapping adds new dimensions 
to your diagnoses. CFM allows you to quickly see blood 
flow and complements your gray scale image to increase 
the speed and accuracy of your exams. 

These advantages are being established in cardiology, 
where Diasonics is a CFM leader. Now we're bringing 
all of our CFM experience and expertise to abdominal and 
vascular ultraseund. 

In keeping with our philosophy of the right technology 


for the right application, we're developing a series of clinically 


optimized CFM probes for a variety of specific applications. 





Other companies may try to get by with one CFM 
probe for many different clinical applications, But we won't 
settle for clinical compromises. 

Only a company with expertise in CFM technology 
and proven abilities in high-resolution imaging can provide 
the ultrasound medical community with the best Color 
Flow Mapping system. Diasonics has clearly demonstrated 
abilities in probe technology image processing, Dopp_er 
and mainframe system architecture — the essential 
components of the best CFM system. 

Thats the kind of sound experience we bring to 
Doppler Color Flow Mapping. Soon you'll be able to see for 
yourself exactly what we mean. 


DIASONICS 


A Habit of Innovation 





À commitment 





that extends beyond 





Diasonics has designed a customer support program thats 
as advanced and complete as our products. 

To begin with, weve built out obsolescence — bringing 
our product advances back to our installed base as upgrades. 
No one is left behind because we still offer upgrades on 
our very first products. 

All Diasonics products are built for reliable performance 
and maximum uptime. For example, we feel so confident 
about the dependability of our SPA 1000 symmetrical phased 


DIASONICGS 


A Habit of Innovation 





product excellence. 


array system that we offer the industry's first 36-month 
warranty. 

We also support our products with direct national 
service, clinical educational support, and a research and 
development program devoted exclusively to medical imaging, 

So before you judge which ultrasound company is 
best for your needs, examine all the evidence. 

800-538-7021. In California, 800-662-6293. 


U.S. Europe Australia 
Ultrasound Sonotron Holding AG Diasonics Pty Ltd 
1656 McCarthy Boulevard Steinhauserstrasse 74 576 St. Kilda Road 
Milpitas, CA 95035 PO. Box 4737 Melbourne 3004 
408-432-9000 CH-6304 Zug Australia 
800-662-6293 (in CA) Switzerland (03) 529-6111 
800-538-7021 (41) 42 4164 64 





F Series Image Intensifiers 


Demanding diagnostic and 
interventional procedures such as 
Digital Subtraction Angiography 
and Angioplasty require Intensifiers 
that can provide a more detailed 
image. Precise Optics’ F Series 
Systems answer this need. 

Compared to the previous genera- 
tion of Image Intensifiers, the fixed 
pattern noise level is 20% quieter. 
The small detail contrast ratio is 
70% higher. Resolution uniformity 
is improved, and the dose rate is 
reduced as much as 25%. 


“The Quiet Generation” 


How does this provide you with 
more diagnostic information? With 
a higher signal to noise ratio, there 
is noticeably less disturbance from 
stationary quantum noise, especially 
with digital processing. Vessels and 
other small structures are more 
clearly defined in terms of both 
edge and contrast. 

How are these performance bene- 
fits achieved? With an ultra-thin 
transmissive metal alloy input 


CIRCLE 6 ON READER SERVICE CARD 


window, a thicker, more 
absorbtive CsI input phosphor, 
and a densely packed micrograin 
Output phosphor with anti-reflective 
coating. 

For more information about how 
the F Series 6, 9, 12, and 16-inch 
Intensifiers can enhance your 
studies please contact Robert Corso, 
Marketing capei 
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- Introducing CT Pace 


Ready 


when you are 


Po: new CT Pace” system from 
GE meets the productivity 
demands of today’s fast-paced 
radiology cepartments. 

CT Pace is the first CT system 
capable of simultaneous scanning, 
reconstrucaion, image display 
and analysss. 





Accelerated productwity 


With the revolutionary Parallex™ 
computer architecture, reconstruc- 
tion proceeds uninterrupted as you 
perform up to eight scans per min- 
ute—twelve in a dynamic mode. 

Innovative parallel processing 
delivers unprecedented system 
response—as soon as you give a 
command, CT Pace is ready to 
perform. The result—freedom to 
work at your own pace. 





2 sec, 10 mm abdominal scan demonstrates 
the gallbladder and cystic duct, the spleen 
and associated vasculature and the superior 
pole of the right kidney. 


Exceptional images 


With its new Paraview™ data 
acquisition system, CT Pace pro- 
duces the clear, detailed images 
you expect from GE. Utilizing 825 
detectors, 1080 views and a 512° 
reconstruction matrix results in 
excellent images, routinely ac- 
quired in two to three seconds. 








Secure mvestment 


In today’s competitive environ- 
ment true economy goes beyond 
an affordable price. State-of-the- 
art engineering makes CI Pace 
extremely reliable. Compact size, 
light weight and low power re- 
quirements keep site preparation 
costs and installation time to a 
minimum. And CT Pace is backed 
by our highly trained service and 
support team. 





Hydraulic table lowers smoothly to just 38 cm 
from the floor. 


Find out more about the new 
pacesetter in computec tomogra- 
phy. Call GE Medical Systems. 


(800) 624-5692. 
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There’s never been a 
better time to choose GE... 
See why at RSNA. 


Elema-Schonander 
introduces a 
new generation 
of PUCK 
Angiographic 
Filmchangers 


RSNA ’87 Booth 2723 
Mall Level 





ELEMA-SCHONANDER 


The NEW GENERATION PUCK’ CM System: 


brings increased versatility, accuracy, safety and 
operational ease to full-size serial angiography. 
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PUCK CM changer, PUCK C changer and SEP-3 program control with keyboard for film marking, programming and program selection 


PUCK CM features: 


° Multi-c rectional—the same loading magazine and receiving 
cassette in all positions 


s Light and compact—only 4-1/2” thick, thanks to innovative 
receiving cassette design 


e Extended exposure time—e.g. 100ms at 4 exp/sec 
e New SEP-3 Program Control for maximum ease of operation 
e SEP-3 keyboard-operated alphanumeric film marking— 


up to 100 characters for comprehensive examination data = | [eee 
*Electronic shaft encoder control of internal filmchanger PUCK CM and PUCK C changers in biplane configuration 
functions 


For further information please contact 


t The PUCK CM System consists of: PUCK CM changer for use Elema-Schonander, Inc. 


on multidirectional examination units, as well as in most other 2360 N. Palmer Drive, PO.Box 94517 
applications. PUCK C changer for a.p. and lateral projections Schaumburg, IL 60173-3887 
including installation in R&F tables. SEP-3 program control. elema-schonander Telephone (312) 397-5900 
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87218 


Keyboarc-originated alphanumeric film-marking (reproduced 1/2 actual size) 


B:06 03.51s JOHN J. DOBBS 320-46-3909 BESTCARE HOSP. SOMEWHERE 21-APR-87 13:30 








usy nuclear medicine depart- 


ments need quick access to 
images and information, often in 
several places at once. Starlink”— 
a sophisticated local area network 
from GE—delivers speed, power 
and economy. 


With Starlink, for example, a 
physician can access an image 
stored in a Starcam integrated sys- 
tem, send it to a Star II computer 
for processing, and retrieve it for 
viewing on a Starview viewing sta- 


tion. The whole process takes only 


GE Medical Systems 








a few seconds, and won't disrupt 
activities at the access point. And 
because data is available in elec- 
tronic form, you eliminate the 
expense of redundant hardware 
such as array processors and hard 
copy formatters. 





Invisible access 


Starlink gives you access to all the 
systems in your network—invisibly 
—without interrupting work on 
those systems. Images stored in 
archives, computers or digital cam- 
era systems can be accessed without 
so much as a flicker. Operators won't 
even know you have made contact— 
their efficiency is maintained, yours 
is enhanced. 

Processing power allows fast 
transmission of medical images. 
Starlink was created to efficiently 
handle the large amounts of infor- 
mation contained in images, unlike 
many network systems designed for 
simple data transfer. 


This quiet activity is possible 
because of Starlink’s “intelligence” 
The system hardware doesn’t need 
to lend its processing “brains” to 
access information—powerful 
Starlink hardware and software do 
all the work. 


Your link to the future 


Starlink’s Ethernet™ bus topology 
allows multiple systems to be 
connected on a single coaxial cable. 
This permits fast, simultaneous 
image transfer, high reliability and 
easy expansion. Starlink—the right 
choice for today and tomorrow. 


Ethernet is a trademark of Xerox Corp. 


Meet our growing family 


The Star family of nuclear 
imaging products offers versatility 
and easy upgrades as your needs 
change. With Starlink, the Star 
family works together better than 
ever to increase your nuclear 
imaging and processing capabilities. 
And Starlink can help you access 
other manufacturers’ systems 
as well. 
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Integrated camera 
and computer system. 


STARPORT™ 





Digital camera system. 
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Data acquisition and storage 
system—can be linked 
with Starport or other 

manufacturers’ cameras. 





Data processing system—can be 
linked with Starport or other 
manufacturers’ cameras. 


STARVIEW™ 





Data processing 
and display system. 





Rectangular field 
of view camera system. 


Find out more about Starlink. 


Call your GE Representative 
today, toll free: 


1-800-624-5692. 


There’s never been a 


better time to choose GE... 


See why at RSNA. 








Quality Publishers Since 1785! 


Be sure to visit Booth 5407 
at the R.S.N.A. meeting in Chicago! 


E MAGNETIC RESONANCE IMAGING: Atlas of 


the Head, Neck and Spine 


By CATHERINE M. MILLS, M.D., Diagnostic Networks, 
Inc., San Francisco, California; JACK deGROOT, M.D., 
Ph.D., University of California School of Medicine, San 
Francisco, California; and JONATHAN P. POSIN, M.D., 
Diagnostic Networks, Inc., San Francisco, California. The 
purpose of this atlas is to provide the reader with a 
means to complement existing sources of information 
and to correlate the superb soft tissue contrast realized 
in magnetic resonance images with the appropriate ana- 
tomic and functional structures. Where appropriate, path- 
ologic examples have been included to complement nor- 
mal images. A separate section on functional neuroana- 
tomy has been provided. Likewise, the improved visuali- 
zation of vascular structures and associated pathologic 
processes has led to the inclusion of vascular anatomy 
and associated perfusion territories. These additions will 
be of particular use in clinical practice, as precise lesion 
identification and localization can now be correlated to 
specific clinical symptomatology. About 400 pp. (10 x 
12), about 605 illus., 1988, Ready November 1987, About 
$85.00. 


E INTRODUCTORY PHYSICS OF 


NUCLEAR MEDICINE, 3rd ed. 


By RAMESH CHANDRA, Ph.D., New York University 
Medical School, New York, New York. Specific changes 
have been made to the third edition of this introductory 
text. The author has covered many examples taken from 
the routine practice of nuclear medicine, all explained in 
a Clear and easy-to-understand manner. Basic principles 
and underlying concepts are thoroughly outlined, al- 
though the author assumes that the reader will be familiar 
with elementary concepts of physics. Besides small 
changes throughout, the third edition features these ma- 
jor changes and additions: a new chapter on Emission 
Computed Tomography, which is assuming considerable 
importance in nuclear medicine; less emphasis on the 
now nearly obsolete rectilinear scanner, except for its 
remaining application as a bone densitometer, which is 
fully covered; and attention to new radiopharmaceuticals 
that have come into use since the previous edition. On 
the second edition: “Chandra’s book is a smoothly writ- 
ten, gentle introduction to the basic concepts. .. Few 
other textbooks provide the reader with a work that is 
so readable and so well balanced.”—-New England Jour- 
nal of Medicine. 233 pp., 77 illus., paperback, 1987, 
$18.50. 


Quality Publishers Since 1785 


B|LEA & FEBIGER 


E RADIATION PROTECTION IN THE RADIOLOGIC 


AN) HEALTH SCIENCES, 2nd ed. 


By MARILYN E. NOZ, Ph.D., New York University Medi- 
cal School, New York, New York; and GERALD Q. MA- 
GURE, JR., Ph.D., Columbia University in the City of New 
York. The book covers a wide range of topics providing 
readily applicable information including specific internal/ 
external radiation sources, risk and protection and detec- 
tion. sealed and unsealed radionuclides. The appendix 
on units has been thoroughly updated to include current 
ANSI standards. 277 pp., 50 illus., paperback, 1985, 
$24 50. 


E COLOR ATLAS OF REAL-TIME TWO-DIMEN- 


SIONAL DOPPLER ECHOCARDIOGRAPHY, 2nd 
ed. 

Edited and with contributions by RYOZO OMOTO, M.D., 
Saitama Medical School, Saitama, Japan. The introduc- 
tory chapters provide a lucid explanation, assisted by 
many relevant diagrams, of the basic principles of 2-D 
Dopoler. Subsequent chapters deal with the basic as- 
pects of clinical scanning—its role and skillful use, pitfalls 
and artifacts, and normal images in adults and children. 
Five chapters are devoted to color photographs of clinical 
cases. 214 pp. (8s x 11%), 102 illus. (plus 96 full-color 
plates), 1987, $124.50. 


E PEDIATRIC IMAGING/DOPPLER ULTRASOUND 


OF THE CHEST: Extracardiac Diagnosis 


By JAMES C. HUHTA, M.D., Baylor College of Medicine, 
Houston, Texas. The author spells out new diagnostic 
applications in pediatrics for high resolution cross-sec- 
tional ultrasonography, and demonstrates the ways in 
which Doppler techniques complement the cross-sec- 
tional method. This reference presents practical, step- 
by-szep methods for non-invasive ultra-sound examina- 
tion of extracardiac anatomy and assessment of vascular 
blood flow. 225 pp. (7 X 10), 172 illus. (29 plates in full 
color), 1986, $42.50. 


E DOPPLER ECHOCARDIOGRAPHY: 


THE QUANTITATIVE APPROACH, 2nd ed. 


By ARTHUR J. LABOVITZ, M.D., and GEORGE A. WIL- 
LIAMS, M.D., both of St. Louis University School of 
Mearcine, St. Louis, Missouri. The second edition begins 
with a brief review of fundamental Doppler principles. 
New information on techniques and technical advances 
include the evaluation of left ventricular diastolic function, 
exercises Doppler, color flow Doppler and the calculation 
of aortic valve areas. 127 pp. (7 X 10), 97 illus. (includes 
10 im color), paperback, 1988, Ready September 1987, 
$22.95. 
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In excretory urography: 


Because you cant be sure Now 
every patient will react... 


Improve the safety profle. 






+ In a 50,642-patient clinical study, 
97.9% had no reported adverse reactions. 











Severity of Reactrons in Excretory Urography Percent of Patients 
No reaction Ss; 
98.7 
_ E 7 97.9 
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Moderate 
Severe 
0.01 
_ BB at High Risk (n = 26,650) 
Adapted from Schrott etal 
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OMNIPAQUE (iohexol) xose. 50 or 100 mL of 
OMNIPAQUE 300 (300 mgEmL). Does not includ (n = 23,992) 
t sient sensation of \ mtn or neat, which was 
a cahancal by 330 painia or 0.65% of tota E Total (n = 50,642) 


D Of 26650 patients considered high risk, 
97.3% had no reported adverse effects. ' 


D Of 7,629 patients hypersensitive to 
iodinated contrast media, 95.9% had no 
reported adverse effects. ' 


D Excelent patient comfort.? 


$ Excelent diagnostic quality. 


Physicians sould consider the potential 
benefit-to-ris« ratio prior to radiographic 
procedures 
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See next pace for important product t Mi i i f AQUE 


information concerning contraindications, 
warnings, aGwerse reactions, patient selec- ( IOHEXOL) 
tion, and precautionary recommendations THE NEW STANDARD IN 





OMNIPAQUE’ 


INJECTION (lIOHEXOL) 
INTRAVASCULAR 





PLEASE CONSULT FULL PRODUCT INFORMATION BEFORE USING. 

A SUMMARY FOLLOWS: 

DESCRIPTION: OMNIPAQUE is a nonionic, water-soluble radiographic contrast medium 
for intravascular administration and is provided in iodine concentrations of 240, 300, and 
350 mgl/mL. Each milliliter of iohexo! solution contains 1.21 mg tromethamine and 0.1 mg 
edetate calcium disodium with the pH adjusted between 6.8 and 7.7 with hydrochloric acid or 
sodium hydroxide, but it contains no preservatives. 

CONTRAINDICATIONS: OMNIPAQUE should not be administered to patients with a known 
hypersensitivity to iohexol 

WARNINGS: OMNIPAQUE should be used with extreme care in patients with: severely impaired 
renal and/or hepatic function; severe thyrotoxicosis, hyperthyroidism, or an autonomously 
functioning thyroid nodule; diabetes with a serum creatinine level above 3 mg/dL. Not 
recommended for use in patients with anuria. 

Patients with known or suspected pheochromocytoma should receive a minimum of contrast 
medium if benefit of the exam is judged to outweigh risk; blood pressure should be monitored 
te the procedure, and measures for the treatment of hypertensive crisis should be readily 
available. 

Contrast agents are potentially hazardous in patients with multiple myeloma or other 
paraproteinemia, particularly those with therapeutically resistant anuria. The combination of 
contrast agent and dehydration may precipitate myeloma protein in the renal tubules. No form of 
therapy, including dialysis, has been successful in reversing the effect. Myeloma, which occurs 
most commonly in persons over age 40, should be considered before instituting intravascular 
administration of contrast agents. 

PRECAUTIONS: Diagnostic procedures that involve the use of radiopaque diagnostic agents 
should be carried out under the direction of personnel with the prerequisite training and with a 
thorough knowledge of the particular procedure to be performed. Appropriate facilities should be 
available for coping with any complication of the procedure, as well as for emergency treatment of 
severe reactions to the contrast agent itself. Competent personnel and emergency facilities should 
be available for at least 30 to 60 minutes postprocedure. The possibility of serious, life- 
threatening, fatal, anaphylactoid, or cardiovascular reactions should always be considered (see 
ADVERSE REACTIONS). It is of utmost importance that a course of action be carefully planned in 
advance for immediate treatment of serious reactions. Preparatory dehydration is dangerous and 
may contribute to acute renal failure in patients with advanced vascular disease, diabetic patients, 
and in susceptible nondiabetic patients (often elderly with preexisting renal disease). Patients 
should be well hydrated prior to and following iohexol administration. Careful consideration to the 
potential risk of acute renal failure should be given before performing excretory urography in 
diabetic patients with diabetic nephropathy and in susceptible nondiabetic patients (often elderly 
with preexisting renal disease). Immediately following surgery, excretory urography should be 
used with caution in renal transplant recipients. The possibility of an idiosyncratic reaction in 
susceptible patients should always be considered (see ADVERSE REACTIONS). The susceptible 
population includes patients with a history of a previous reaction to contrast media, patients with a 
known sensitivity to iodine per se, and patients with a known clinical hypersensitivity: bronchial 
asthma, hay fever, and food allergies. A thorough medical history with emphasis on allergy and 
hypersensitivity, prior to the injection of any contrast media, may be more accurate than pretesting 
in predicting potential adverse reactions. 

A positive history of allergies or hypersensitivity does not arbitrarily contraindicate the use of a 
contrast agent where a diagnostic procedure is thought essential, but caution should be exercised 
(see ADVERSE REACTIONS). Premedication with antihistamines or corticosteroids to avoid or 
minimize possible allergic reactions in such patients should be considered. Recent reports 
indicate that such pretreatment does not prevent serious, life-threatening reactions but may reduce 
both their incidence and severity 

Even though the osmolality of OMNIPAQUE is low compared to diatrizoate- or iothalamate- 
based ionic agents of comparable iodine concentration, the potential transitory increase in 
circulatory osmotic load in patients with congestive heart failure requires caution during injection. 
These patients should be observed for several hours following the procedure to detect delayed 
hemodynamic disturbances. 

Angiography should be avoided whenever possible in patients with homocystinuria, because of 
the risk of inducing thrombosis and embolism 

In angiographic procedures, the possibility of dislodging plaques or damaging or perforating 
the vessel wall should be borne in mind during the catheter manipulations and contrast medium 
injection. Test injections to ensure proper catheter placement are recommended 

Selective coronary arteriography should be performed only in those patients in whom the 
expected benefits outweigh the potential risk. The inherent risks of angiocardiography in patients 
with chronic pulmonary emphysema must be weighed against the necessity for performing this 
procedure. 

When OMNIPAQUE is to be injected using plastic disposable syringes, the contrast medium 
should be drawn into the syringe and used immediately 

The inhibitory effects of nonionic contrast media on mechanisms of hemostasis have been 
shown, in vitro, to be less than those of ionic contrast media at comparable concentrations. For 
this reason, standard angiographic procedures should always be followed: angiographic catheters 
should be flushed frequently, and prolonged contact of blood with contrast media in syringes and 
catheters should be avoided. 

If nondisposable equipment is used, scrupulous care should be taken to prevent residual 
contamination with traces of cleansing agents. 

Drug/Laboratory Test Interaction: If iodine-containing isotopes are to be administered for the 
diagnosis of thyroid disease, the iodine-binding capacity of thyroid tissue may be reduced for up 
to 2 weeks after contrast medium administration. Thyroid function tests which do not depend on 
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OMNIPAQUE® injection (iohexo! 


Carcinogenesis, Mutagenesis, Impairment of Fertility: No long-term animal studies have 
been performed to evaluate carcinogenic potential, mutagenesis, or whether OMNIPAQUE can 
affect fertility in men or women. 

Pregnancy Category B: Reproduction studies have been performed in rats and rabbits with up 
to 100 times the recommended human dose. No evidence of impaired fertility or harm to the fetus 
has been demonstrated due to OMNIPAQUE. There are, however, no studies in pregnant women 
Because animal reproduction studies are not always predictive of human response, this drug 
should be used during pregnancy only if clearly needed. 

Nursing Mothers: It is not known to what extent iohexol is excreted in human milk. However 
many injectable contrast agents are excreted unchanged in human milk. Although it has not been 
established that serious adverse reactions occur in nursing infants, caution should be exercised 
when intravascular contrast media are administered to nursing women. Bottle feedings may be 
substituted for breast feedings for 24 hours following administration of OMNIPAQUE 

Pediatric Use: Safety and effectiveness in children have not been established 

ADVERSE REACTIONS: Usually mild to moderate in severity. However, serious, life-threatening, 
and fatal reactions, mostly of cardiovascular origin, have been associated with the administration 
of iodine-containing contrast media including OMNIPAQUE. The injection of contrast media is 
frequently associated with the sensation of warmth and pain, especially in peripheral angiography; 
pain and warmth are less frequent and less severe with OMNIPAQUE than with many contrast 
media. 

Cardiovascular System: Arrhythmias including PVCs and PACs (3%), angina/chest pain (2%), 
and hypotension (1%). Others including cardiac failure, asystole, bradycardia, tachycardia, and 
vasovagal reaction were reported with an individual incidence of less than 0.8%. In controlled 
Clinical trials involving 900 patients, one fatality occurred. A cause-and-effect relationship between 
this death and iohexol has not been established 

Nervous System: Pain (6%), photomas (3%), headache (2%), and metallic taste (0.8%). Others 
including anxiety, blurred vision, dizziness, fever, motor and speech dysfunction, convulsion, 
lightheadedness, paresthesia, somnolence, vertigo, stiff neck, hemiparesis, and nystagmus were 
reported, with an individual incidence of less than 0.3% 

Respiratory System: Dyspnea and laryngitis, with an individual incidence of 0.1% 
Gastrointestinal System: Nausea (2%) and vomiting (0.5%). Others including diarrhea, 
dyspepsia, and dry mouth were reported, with an individual incidence of 0.1% 

Skin and Appendages: Urticaria (0.3%) and purpura (0.1%) 

General Adverse Reactions to Contrast Media: The following reactions have been reported 
after administration of other intravascular iodinated contrast media. Reactions due to technique 
hematomas and ecchymoses. Hemodynamic reactions. vein cramp and thrombophlebitis 
following intravenous injection. Cardiovascular reactions. rare cases of cardiac arrhythmias, reflex 
tachycardia, chest pain, cyanosis, hypertension, hypotension, peripheral vasodilatation, shock, 
and cardiac arrest. Rena/ reactions: occasionally, transient proteinuria; rarely, oliguria or anuria 
Allergic reactions. asthmatic attacks, nasal and conjunctival symptoms, dermal reactions such as 
urticaria with or without pruritus, as well as pleomorphic rashes, sneezing, and lacrimation; rarely 
anaphylactic reactions. Rare fatalities have occurred due to these or unknown causes. Signs and 
symptoms related to the respiratory system: pulmonary or laryngeal edema, bronchospasm, 
dyspnea; or to the nervous system: restlessness, tremors, convulsions. Other reactions: flushing 
pain, warmth, metallic taste, nausea, vomiting, anxiety, headache, confusion, pallor, weakness, 
sweating, localized areas of edema (especially facial cramps), neutropenia, and dizziness. Rarely 
immediate or delayed rigors can occur, sometimes accompanied by hyperpyrexia. Infrequently, 
“jodism” (salivary gland swelling) from organic iodinated compounds appears 2 days after 
exposure and subsides by the sixth day. 

In general, the reactions that are known to occur upon parenteral administration of iodinated 
contrast agents are possible with any nonionic agent. Approximately 95% of adverse reactions 
accompanying the use of water-soluble intravascularly administered contrast agents are mild to 
moderate in degree. However, severe, life-threatening anaphylactoid reactions, mostly of 
cardiovascular origin, have occurred 

Reported incidences of death range from 6.6 per 1 million (0.00066%) to 1 in 10,000 (0.01%) 
Most deaths occur during injection or 5 to 10 minutes later, the main feature being cardiac arrest, 
with cardiovascular disease as the main aggravating factor. Isolated reports of hypotensive 
collapse and shock are found in the literature. The incidence of shock is estimated to be 1 out of 
10,000 (0.005%) patients 

Adverse reactions to injectable contrast media fall into two categories: chemotoxic reactions 
and idiosyncratic reactions 

Chemotoxic reactions result trom the physicochemical properties of the contrast media, the 
amount of dose injected, and the speed of injection. A!l hemodynamic disturbances and injuries to 
organs or vessels perfused by the contrast medium are included in this category 

Idiosyncratic reactions include all other reactions. They occur more frequently in patients 20 to 
40 years old. Idiosyncratic reactions may or may not be dependent on the amount of dose injected, 
the speed of injection and the radiographic procedure. Idiosyncratic reactions are subdivided into 
minor, intermediate, and severe. The minor reactions are self-limited and of short duration: the 
severe reactions are life-threatening and treatment is urgent and mandatory 

The reported incidence of adverse reactions to contrast media in patients with a history of 
allergy is twice that in the general population. Patients with a history of previous reactions to a 
contrast medium are three times more susceptible than other patients. However, sensitivity to 
contrast media does not appear to increase with repeated examinations. 

Most adverse reactions to injectable contrast media appear within 1 to 3 minutes after the start 
of injection, but'delayed reactions may occur. 

Regardless of the contrast agent employed, the overall estimated incidence of serious adverse 
reactions is higher with angiocardiography than with other procedures. Cardiac decompensation, 
serious arrhythmias, angina pectoris, or myocardial ischemia or infarction may occur during 
angiocardiography and left ventriculography. Electrocardiographic and hemodynamic abnor- 
malities occur less frequently with OMNIPAQUE than with diatrizoate meglumine and diatrizoate 
sodium injection. 


References: 1. Schrott KM, Behrends B, Clauss W, et al: lohexol in excretory urography: 
Results of a drug monitoring study. Fortschr Med 1986; 7:153-156. 2. Data on file, Winthrop 
Pharmaceuticals. 
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For Evaluating the Overall —S 
Imaging Performance of AS 
a Mammographic System 


Sea 


E |ntendec as an integral part of a complete mam- 
mograpfy QA program: evaluates x-ray machine, 
screen-film combination and film processor. 


Æ Contains test objects that simulate mammographic 
indicatians of breast cancer: punctate calcifications 
and softtissue fibrillar extensions in adipose tissue. 


E Includes 5-step air wedge to gauge for image 
contrast. 


76-001-4 Mammographic Phantom... $475.00 


* Designed by Leonard Stanton, M.S., 
Hahnemann University, 
Philadelphia, PA 19102. 


Write, or phene 516-741-6360 today! 
For more details, 
request builtin 400M-44 





TO MAKE PRECISE MEASUREMENTS 
OF FOCAL SPOT SIZES... 


you need: 
E Pinhole Cameras W Star Test Patterns W Slit Camera 


WE ARE YOUR ONE SOURCE FOR THESE ITEMS... 


plus: W Exposure Meters W mAs Meters 
Mi kVp Meters W kVp Test Cassettes 
E Densitometers W Sensitometers 
E DSA Test Phantoms 

E Mammographic Phantoms 

E CT Test Phantoms...and more! 
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AJR: AMERICAN JOURNAL 


OF ROENTGENOLOGY 
Bound Volume Offer 


A trouble-free way 


to keep your 


reference library 


up to date 


As an AJR: American Journal of Roentgenology 
subscriber, you know how much useful information is 
packed into each issue. But you also probably know how 
frustrating and time-consuming it can be to try and 
locate one particular article from a back issue. 


Find that back issue quickly and easily 


Now you can get a year’s worth of articles in bound 
volume form — a special offer available only to sub- 
scribers. So the information you need will be at your 
fingertips, handsomely preserved and ready for years 
of future reference. 

You get the timely coverage only a journal can 
provide — penetrating discussions of the topics that 
interest you most, by the brightest names in your 
field — with all the durability and convenience of a hard- 
cover edition. With bound volumes, you'll never again 
spend frustrating hours sifting through dog-eared back 
issues, only to discover that the article you need has 
been torn out. You’ll have a year’s worth of vital in- 
formation all arranged and indexed in one sturdy 
source. And each carefully crafted volume will make 
a handsome addition to your permanent library. 


EASY ORDERING 


Please send me the AJR: American Journal of 
Roentgenology 1987 Bound Volumes at $75.00 
($85.00 outside the US). I understand that I can save 
$2.00 by sending in my prepaid order (check or charge) 
by October 31, 1987. I also understand that this offer is 
in addition to my regular subscription, that it is available 
only to subscribers, and that I will have the option of 
ordering bound volumes for subsequent years as long as 
I remain a subscriber. I will receive my 1987 bound 
volumes in early 1988. 


O Check enclosed O Bill me 
O VISA O MasterCard O American Express 


Card # 


Signature/P.O. # 


Printed in US 


Exp. date 





Send in your paid order by October 31, 1987 
and SAVE 


Act now and receive the 1987 Bound Volumes for only 
$73.00 for all prepaid orders, $2.00 off the regular price of 
$75.00. (Please add $10.00 to all orders outside the US.) 
Bound volumes are available for the current year only, 
and are in addition to the regular subscription price. 


We'll help you keep your reference library up 
to date 


Once a year, we'll send you a reminder so you can order 
the latest bound volumes. When you send in your paid 
order, a set will be reserved for you, to be sent as soon 
as available on 30-day approval. If you do not want the 
bound volumes for any reason, simply return them to us 
within 30 days for a courteous refund. It’s that easy. 


Williams & Wilkins 


P.O. Box 23291 Baltimore, Maryland 21203 
266 Fulham Road London SW10 9EL England 


Please pay in US dollars. MD residents, please add 5% sales tax. Orders 
outside the US and Canada must be prepaid. Rates subject to change 
without notice. All orders must be received by December 31, 1987. 


Name 
Address 
City/State/Zip 


Date of order 


ORDER FREE BY PHONE. Call 1-800-638-6423 
from anywhere in the US except AK. MD residents, call 
528-4105 collect. 


Williams & Wilkins 


P.O. Box 23291 Baltimore, Maryland 21203 
266 Fulham Road London SW10 9EL England 
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The Mamex DC is a complete mammographic system, con- 
sisting of a modern, efficient DC generator which virtually 
eliminates “ripple” and gives a higher resolution image with 
consistently higher subject contrast; a molybdenum anode 


x-ray tube; and a motorized 
compression system with floor 
remote control. Each feature 
has been designed. de- 
veloped, and merged into a 
single unitto produce an opti- 
mal diagnostic system. Com- 
pact size, light weight and 
connection to any standard 
220V wall outlet combine to 
make the Mamex DC easy to 
install. 





























Unit of Choice for: 
Specialists in Mammography 
St. Louis, MO 


SIMPLE 
IN-HOSPITAL 
WHEEL 
ASSEMBLY 





MAMMOGRAPHIC 
SYSTEMS 


MOBILE BASE 
SYSTEM 


The Mobile Base trans- 
forms the Mamex DC into a 
fully mobile mammographic 
system. Attaching directly 
onto the Mamex DC, the 
Mobile Base allows porta- 
bility in any position, vertical 
to horizontal. The ramp and 
winch systems are installed 
in the vehicle to provide 
easy on and off loading. 





The best, made better. Mamex DC 
Mag, with its state-of-the-art, micro- 
processor-controlled operation DC 
generator (higher resolution image 
with consistently higher subject con- 
trast); rotating anode, dual focal spot 
x-ray tube; and motorized compres- 
sion system with fine manual adjust- 
ment offers you the ability to perform 
high-quality low-dose films on an ef- 
ficient, operator-and-patient-friemdly 
machine. 


Unit of Choice for: 
University of Michigan 

Ann Arbor, MI 
Melrose-Wakefield Hospital 
Melrose, MA 


Under the UCSF mobile mammography program, a van 
staffed by X-ray technologists tours shopping centers 
and office areas offering screening and a breast self- 
examination lesson. 


Courtesy of: 

University ofCalifornia at San Francisco, Edward A. 
Sickles, M.D:, Associate Professor of Radiology and 
Chief, Breast Imaging Section. 





CIRCLE 10 ON READER SERVICE CARD 





Tecnomed USA 235 South Fehr Way, Bay Shore, New York 11706 @ 516/586-1991-Telex Ii 510-227-9837-Telefax 516/242-4421 


What are the primary factors that drive a purchase 
decision in the diagnostic imaging marketplace? 

There are five, based on customers’ wants 
and needs, according to Ronald B. Schilling, Ph.D., 
Vice President and General Manager of Toshiba 
Medical Systems: 
A TECHNICAL LEADERSHIP- “Toshiba's commitment 


indisputable superiority in this area is consistently 


to technological progress is second-to- 
none. Were at the forefront in applying 
computer technology to diagnostic 
excellence. A IMAGE QUALITY-“Our 





Ronald B. Schilling, Ph.D. 
Vice President & General Manager 
Toshiba Medical Systems Group. 


demonstrated across the full range of imaging modal- 
ities. A THROUGHPUT- ‘All Toshiba systems are 
fully integrated and manufactured from the ground 
up for operator ease and operator/patient safety?” 

A LIFECOST-"As a basis for a partnership with 

our customers, our primary objective is to ensure our 
customer's success—diagnostically and financially” 
A TOTAL SERVICE- We are committed to providing 
whatever it takes to ensure customer satisfaction. 

It's fundamental to Toshiba.’ 

Compare us on these five factors before you make 
your next purchase decision. Well go “head-to-head” 
with any of our competitors in providing you with 
the answers you ll need. Please call or write Toshiba 
Medical Systems for prompt attention. 








2441 Michelle Drive, Tustin, CA 92680 Call toll-free (800) 421-1968 or (714) 730-5000 
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Metastatic Calcification of the 
Heart and Lungs in End-Stage 
Renal Disease: Detection and 


Quantification by Dual-Energy Digital Chest 
Radiography 





Metastatic calcification of the lung and heart can cause severe cardiopulmonary 
compromise and death. Although it is found in most end-stage renal disease patients at 
autopsy, it is only rarely detected during life. Using a prototype dual-energy digital chest 
radiographic unit, we measured calcium content (mg/cm’) over the lung and heart in 32 
hemodialysis patients. Pulmonary calcium content was significantly greater in these 
patients than in sex-matched control subjects (men, 230 + 43 [mean + standard error] 
vs 166 + 7, p < .05; women, 168 + 19 vs 110 + 7.5, p < .001). Abnormal values were 
detected by dual-energy radiography in 44% of patients (vs 9% of patients stucied by 
conventional radiography). Cardiac calcium content was also significantly greater in the 
hemodialysis patients than in the control subjects (259 + 14 vs 184 + 8, p < .05). 
Metastatic calcification was significantly correlated with elevated phosphate and cal- 
cium-phosphate product levels. Patients with significantly elevated pulmonary calcium 
content had evidence of restrictive lung disease by functional testing. There was an 
inverse correlation between elevated cardiac calcium content and ejection fraction. 

We conclude that dual-energy digital radiography allows premortem diagnesis of 
metastatic visceral calcification and is more sensitive than current techniques. 


Metastatic pulmonary and cardiac calcification is found in most hemodialysis 
patients at autopsy but is rarely detected during life [1-3]. Metastatic calcification 
of the lung is associated with impairment of gas exchange, pulmonary fibrosis, and 
occasionally death [4-10]. Cardiac calcification can cause arrhythmias, cardiac 
failure [11-15], and, in these patients, even sudden death [16]. On the basis of the 
high degree of accuracy with which dual-energy chest radiography (DCR) has been 
shown to detect small amounts of calcium in solitary pulmonary nodules [17, 18], 
we studied 32 chronic hemodialysis patients to address the following questions: 
(1) Can pulmonary and cardiac calcium content be quantified in norma subjects 
and dialysis patients with any degree of accuracy? (2) Is DCR more sensitive in 
detecting metastatic calcification than conventional radiography? (3) Can any clinical 
parameters associated with metastatic calcification of the heart anc lung be 
defined? 


Materials and Methods 
Apparatus 


All examinations were performed on a prototype scanning-slit dual-energy chest unit 
manufactured by Picker International (Cleveland, OH) [19]. We used a linear-detector array, 
described by Barnes et al. [20], consisting of a low-atomic-number/high-atomic-number 
phosphor and photodiode sandwich made up of 1024 elements (Fig. 1). The low-atomic- 
number phosphor receives the radiographic beam that exits the patient and preferentially 
absorbs the low kV elements of the beam. The photons that exit this phosphor possess a 
higher effective kilovoltage and are absorbed by the high-atomic-number phosphor. Thus, 
low- and high-energy images are obtained from a single exposure. The low- and high-energy 
images are processed to obtain two images, a soft-tissue image (bones canceled) and a bone 
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Fig. 1.—-Detector scheme. Each detector element consists of a low- and 
a high-atomic-number detector sandwich permitting simultaneous acqui- 
sition of low-energy and high-energy images. Copper filter increases 
effective kV incident on high-atomic-number detector. 


image (soft tissues canceled), using an algorithm similar to that 
described by Lehmann et al. [21]. These two images can be reassem- 
bied digitally to obtain an image resembling a conventional chest 
radiograph. Since the corresponding pixels of the iow- and high- 
energy images are acquired simultaneously, misregistration artifacts 
due to patient motion do not occur. The narrow collimation of the fan 
beam creates virtually no scatter radiation to degrade spatial resolu- 
tion. 


Pixel Calibration 


Calibration of the bone-image’s pixel values was necessary before 
the calcium content of the heart and lungs could be assessed. This 
was accomplished with a calcium-step wedge fabricated by machin- 
ing six square holes (82 x 32 mm) of different depths (2.11, 3.17, 
4.75, 7.13, 10.7, and 16.1 mm, respectively) in a 2.8-cm-thick plex- 
iglass block. The holes were filled with a mixture of calcium hydroxide 
and paraffin wax (74, 111, 166, 250, 374, and 564 mg/cm’, respec- 
tively) to obtain the calcium steps. Plexiglass, calcium hydroxide, and 
paraffin were selected as wedge materials so that the only high- 
atomic-number or bone-equivalent component of each step was a 
known amount of calcium and calcium per unit area. 

To simulate the attenuation effects of the lung, the calcium calibra- 
tion wedge was imaged along with a 7.6-cm thickness of Lucite. 
Linear regression was applied to the mean bone-image pixel count 
vs the known mg/cm? of calcium in the six steps to determine a value 
for the amount of calcium (mg/cm*) per unit pixel count (Koa). 


Calcium Measurement Technique 


Using the zoomed posteroanterior bone image (soft tissues sub- 
tracted), we visually placed a parallelogram region of interest (ROI) 
over the lung or heart between adjoining ribs, with care to avoid 
overlapping bone. The average projected concentration of calcium 
(mg/cm?) of the parallelogram ROI was determined by multiplying the 
average pixel value (Pa) by number of pixels in the area (py) by Kea. 
Typically a 1-2 cm? ROI was employed over the lung and 0.5-1.0 
cm* ROI over the heart. Because of the low concentration of iron and 
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other metallic elements in blood, their absorption would contribute 
less than 1% of the signal. 

Lung measurement.—Six upper-lung-zone regions (three in each 
lung) were measured, and their values were averaged to obtain a 
lung calcium content for each patient and control subject (Fig. 2A). 
Upper lung zones were chosen to be the standard for detecting 
pulmonary caicification since the overlying soft tissue is relatively less 
in this region and because it is known that metastatic calcification 
preferentially occurs in the upper lungs. Because of variations in 
chest configuration, identical regions were not measured in each 
patient. In patients with radiographically visible calcification, the most 
dense areas were measured. 

Heart measurement.—To assess cardiac calcium content, four 
measurements were made over the ventricular mass as shown in 
Figure 2B, avoiding ribs, descending aorta, visible costal cartilage 
calcification, and valvular areas. Three additional measurements were 
made over the right-lower-lung zone between the posterior sixth and 
ninth ribs near the mid-clavicular line. Since the calcium content 
measured over the heart contains that of the lung posterior to the 
heart, a corrected cardiac calcium content was calculated as: 


Corrected cardiac calcium in mg/cm? 
= measured cardiac calcium in mg/cm? — 


(lung posterior to heart in cm x right-lower-lung calcium in mg/cm?) 
total chest thickness incm 


Total chest thickness and lung tissue posterior to the left atrium were 
measured from the conventional lateral radiograph when available. In 
other cases, the lung posterior to the left atrium was assumed to be 
approximately one-third of the total chest thickness, on the basis of 
a series of nonstudy normal subjects examined. Lateral images were 
not routinely obtained with the digital machine. 

Because the dual-energy digital technique is not tomographic, the 
calcium content measured over the lung and heart also includes the 
calcium content of the chest-wall soft tissues. To compare soft-tissue 
calcium in patients and control subjects, soft-tissue calcium content 
(mg/cm?) was measured in two muscular regions of the lateral chest 
wall at the level of the hilum, averaged, and analyzed using the 
unpaired Student t-test. The soft-tissue value was not used to correct 
lung and heart measurements. 


Controli Population 


Thirty-one control subjects, including 14 men and 17 women 
ranging in age from 22 to 75 years (average, 43.7 years), were used 
to establish normal values of pulmonary calcium and cardiac calcium 
content. Control subjects had no history of renal disease or calcium- 
phosphate derangement and had no diffuse abnormality demonstra- 
ble on conventional or digital chest images. Laboratory measure- 
ments of calcium and phosphate were available in 14 patients and 
were within normal limits. Patients with isolated abnormalities such 
as pulmonary nodules were included as control subjects, but the 
abnormality was excluded from the areas of measurement. Height 
and weight were recorded on all control subjects. Body surface area 
was calculated from nomograms by Diem and Lentner [22]. 


Patient Population 


Thirty-two patients with end-stage renal disease (ESRD) on chronic 
hemodialysis were examined with DCR from April 1985 to October 
1986. There were 23 women and nine men, ranging in age from 24 
to 72 years (mean, 47 years). Duration of hemodialysis ranged from 
5 to 250 months (mean, 89 months). Subtotal parathyroidectomy had 
been performed for control of secondary hyperparathyroidism in 12 
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Fig. 2.—Paralielogram measurement region 
of known area (em?) placed over lung (A) and 
heart (B). Density measured represents a known 
amount of calcium (mg), and calcium content 
(mg/cm?) is caiculated. 


patients an average of 87 months before their DCR exam (range, 0- 
206 months). Height, weight, body surface area, and chest thickness 
were obtained in all patients. 

For each patient, comprehensive laboratory data were obtained 
on a bimonthly basis or more frequently. Calcium, phosphorus, cal- 
cium-phosphate product, creatinine, bicarbonate, alkaline phospha- 
tase, albumin, and total protein values were averaged over the year 
immediately preceding the DCR examination to estimate long-term 
calcium-phosphate control, and this value was used for statistical 
evaluation. Parathyroid hormone levels, determined by the Smith- 
Kline intact mid-region assay, were obtained in all patients within 6 
months of the DCR examination. 

In all patients, conventional chest radiographs were inspected for 
visible parenchymal calcification. Hand films in anteroposterior pro- 
jection were available in 29 patients and were analyzed for renal 
osteodystrophy. Available bone films were also examined for calcifi- 
cation of small and medium-sized arteries (Monckeberg arterioscle- 
rosis) and for periarticular caleium deposits. 

Functional studies obtained within 1 year of the DCR examination 
were used, when available, for correlation with digital findings. Echo- 
cardiography was performed in 24 patients, and radionuclide deter- 
mination of left ventricular ejection fraction was available in 12 pa- 
tients; five patients did not have quantitative assessment of ventric- 
ular performance. Autopsy data were available in one patient who 
died during the study period. Pulmonary function tests were per- 
formed in five patients. None of the patients had a radionuclide bone 
scan. i 


Statistical Evaluation 


Lung, heart, and chest-wall values were compared in control 
subjects and patients using an unpaired t-test. On the basis of normal 
values established by the comtrol population, patients were divided 
into those with normal calcium content and those with elevated 
calcium content. Statistical analyses were carried out using t-test and 
linear regression when appropriate. Significance was set at the 5% 
level. 


Results 
Control Population 


In the control population, pulmonary and cardiac calcium 
content did not correlate significantly with age, race, height, 
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Fig. 3.—Scattergram shows lung calcium content for control subjects 
and patients. Means are denoted by straight lines. Hemodialysis patients 
had significantly higher lung calcium content than did control subjects 
(women, 168 + 9 vs 110 + 7.5, p < .001; men, 230 + 43 vs 166 +7, p< 
.05). 


weight, body surface area, or chest thickness. However, there 
was a significant difference in lung calcium content between 
male and female controls (166 + 7 vs 110 + 7.5, p < .005). 
This difference was probably caused by differences in soft- 
tissue calcium content, since men had higher values (lateral 
chest wall; men, 160 + 9.6 vs women 82 + 10, p < .0005). 
Therefore, isolated lung calcium values may not be different 
in men and women. However, since we cannot measure 
isolated organs with this technique, sex-matched controls 
were used throughout the study for statistical evaluation. 
Cardiac calcium content was not significantly different in men 
and women (mean value, 184 + 8). Based on our control 
population, normal ranges for pulmonary and cardiac calcium 
content were determined as: (1) lung: men < 206 mg/cm*: 
women < 143 mg/cm’; (2) heart < 270 mg/cm’. 


Patient Population 


Pulmonary calcification.—As shown in Figure 3, the cal- 
cium content of the lungs of hemodialysis patients was sig- 
nificantly greater than that of sex-matched controls (men, 230 
+ 43 vs 166 + 7, p < .05; women, 168 + 9 vs 110 + 7.5, 
p < .001). There was no significant difference in soft-tissue 
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calcium content between patients and sex-matched controls, 
indicating that the differences noted resulted from deposition 
of calcium in the lung. 

On the basis of established normal ranges, 14 (44%) of 32 
patients had elevated pulmonary calcium content. Of these 
14 patients, three had calcification evident on conventional 
radiographs. These three patients had the highest lung cal- 
cium content in our series (363, 523, and 556 mg/cm’). 
Although the metastatic calcification was clearly visible on the 
conventional radiograph in these three patients, it was dra- 
matically more impressive when viewed on the DCR bone 
image (Fig. 4). Pulmonary function tests performed within 
1 year of the DCR exams in two patients with radiographically 
demonstrable calcification showed restrictive lung disease in 
both patients. 

In the remaining 11 patients with abnormal lung calcium 
content by DCR, there was no visible calcification on either 
conventional or digital images. In one patient who died, au- 
topsy 1 month after the DCR examination confirmed meta- 
static calcification in the right upper lobe. Nine of the 14 
patients with increased pulmonary calcium content also had 
increased cardiac calcium content by DCR. 

The threshold for plain film detection of parenchymal calci- 
fication by our technique appears to be between 237 and 363 
mg/cm? since all patients above 363 mg/cm? had radiograph- 
ically visible calcification and no patient below 237 mg/cm? 
had visible calcification. However, the number of patients with 
calcium levels between 237 and 363 mg/cm? was insufficient 
to permit more precise determination of the limit of radio- 
graphic detectability. Some patients with radiographically de- 
tectable calcification also had a distinct opacity on the DCR 
soft-tissue image (bones canceled) in the regions of calcifi- 
cation, possibly representing interstitial fibrosis (Fig. 5). 

Using the lung calcium content and linear regression analy- 
sis for individual variables, we found a significant association 
between elevated lung calcium content and elevated phos- 
phate levels and calcium-phosphate product (r = .464, p < 
.007 and r = .48, p < .005, respectively), No correlation was 
seen with levels of parathyroid hormone, calcium, creatinine, 
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protein, alkaline phosphatase, or albumin. There was no 
significant difference in lung calcium content in patients with 
or without a history of parathyroidectomy. 

Cardiac calcification.—Corrected cardiac calcium content 
was significantly greater in patients than in control subjects 
(259 + 14 vs 184 + 8, p < .05), with 12 (38%) of 32 patients 
having elevated calcium content measured over the ventric- 
ular mass compared with controls (Fig. 6). Of these 12 pa- 
tients, eight also had increased pulmonary calcium content. 
There was no significant difference in the frequency of hyper- 
tension, left ventricular hypertrophy by ECG criteria, or left 
ventricular wall thickness measured by echocardiography be- 
tween patients with elevated calcium values and those with 
normal levels. This suggests that increased cardiac calcium 
content was not caused by increased left ventricular mass 
alone. Left-bundle branch block was present in one patient 
with elevated calcium content. One patient with normal cal- 
cium content by DCR measurement had first-degree atrioven- 
tricular block. 

Regression analysis showed a nonlinear decline in left 
ventricular ejection fraction with increasing cardiac calcium 
content and also showed that previous parathyroidectomy 
and elevated calcium-phosphate product were significantly 
associated with abnormal cardiac calcium content (p < .05 
and p < .001, respectively). A significant correlation was also 
observed between metastatic calcification of the heart and 
evidence of metastatic calcification elsewhere, including ar- 
terial, periarticular, and pulmonary calcification (r = .581, p < 
001; r = .456, p < .001; r = .392, p < .026). Radiographic 
evidence of renal osteodystrophy was more common in pa- 
tients with increased calcium content than in patients with 
normal values, but was common in both groups. 

Myocardial calcification was not detected in any patient by 
either conventional radiography or echocardiography. Mitral 
annular calcification was identified by echocardiography or 
conventional radiography in seven patients, three of whom 
had increased cardiac calcium content measured by DCR. 
However, care was taken to obtain DCR measurements 
lateral to the projected region of the mitral valve (Fig. 2B), 


Fig. 4.—30-year-old woman on dialysis for 5 
years. Conventional image (A) shows metastatic 
calcification, dramatically more obvious on dual- 
energy bone image (B) (lung calcium content, 
556 mg/cm?; normal female range, 75-140). Pa- 
tient had moderate restrictive lung disease by 
pulmonary function testing. Patient also has peri- 
articular calcification around right scapula. 
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Fig. 5.—26-year-old man on hemodialysis for 8 years. 

A, Metastatic calcification is present on conventional radiograph. 
B, Dual-energy bone image shows diffuse calcification in right upper lobe (measured value, 523 mg/cm’); normal male range, 110-206 mg/cm’). 
C, Soft-tissue digital image reveals that a portion of the opacity is not due to calcification and possibly represents fibrosis. 
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Fig. 6.—Scattergram shows cardiac calcium content of control subjects 
and patients with means marked by the straight lines. Cardiac calcium 
content was significantly greater in hemodialysis patients than in control 
subjects (259 + 14 vs 184 + 8, p < .05). 


and not all patients with mitral annular calcification had ab- 
normal values measured over the ventricular mass. Con- 
versely, two patients with the highest measured calcium 
content did not have mitral annular calcification. Therefore we 
are confident that elevated calcium content as measured by 
DCR is not significantly influenced by mitral annular calcifica- 
tion. The one patient with autopsy-proved metastatic cardiac 
calcification detected antemortem by DCR had only minimal 
calcification of a mitral-valve commissure not detectable by 
echocardiography or conventional radiography. This patient 
had extensive calcification of small intramyocardial blood ves- 
sels, many of which were completely occluded by the calcium 
deposits, resulting in small areas of subendocardial necrosis. 
Although this patient had three-vessel coronary artery dis- 


ease, no large vessels were occluded. Her cardiac failure and 
subsequent death were considered to be caused by numer- 
ous small infarcts caused by metastatic calcification. This 
patient also had marked hyperplasia of the parathyrcid glands 
and metastatic and calcification of the kidneys, lungs, and 
gastrointestinal tract. 


Discussion 


Our data show that DCR is more sensitive thar conven- 
tional radiography in detecting metastatic calcification of the 
lungs. Elevated levels were evident in 44% of patients by dual 
energy and in only 9% on conventional radiographs. Patients 
with the highest measured DCR levels were radiographically 
positive, confirming the findings in other studies that have 
shown that calcification becomes visible only in severe 
cases [1]. 

In autopsy series, metastatic pulmonary calcification has 
been shown to be present in 60-80% of hemodialysis pa- 
tients, although it is rarely recognized during life [1, 2]. Al- 
though many patients are asymptomatic, some develop se- 
vere respiratory compromise that is fatal [3-7]. Conger et al. 
[1] carried out a prospective study of 33 hemodialysis patients 
in which laboratory data, pulmonary function tests, chest 
radiographs, and ECG results were examined: during the 
Study period, 15 patients died and nine of these had patho- 
logic evidence of metastatic calcification of the lungs. There 
was a progressive decrease in Dco, vital capacity and PaO2 
associated with rising levels of quantified pulmonary calcium. 
Patients with minimal amounts of metastatic calcification usu- 
ally had normal pulmonary function, but those with markedly 
elevated levels had evidence of restrictive lung disease and 
diminished diffusing capacity. 
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Pathologically, metastatic calcification of the lungs is lo- 
cated preferentially in alveolar septa [2], although it can also 
occur in pulmonary arteries and bronchial walls. In mild cases, 
calcium deposits are present along the alveolar epithelial 
basement membrane and in alveolar capillary walls without 
significant desmoplasia or septal thickening. However, when 
calcification is severe, it tends to be associated with interstitial 
fibrosis [1, 2], and it is the fibrosis and not the calcium itself 
that is thought to account for the development of respiratory 
symptoms and disturbed pulmonary function. The predilection 
of metastatic calcification for upper lung zones is considered 
to be caused by the high ventilation/perfusion ratio in this 
region, creating high O; and low CO; levels and consequent 
relative alkalinity [23, 24]. 

The radiographic appearance of parenchymal calcium dep- 
osition is variable. Despite the fact that pathologically the 
calcium is purely interstitial in location, the opacities observed 
radiographically can simulate air-space disease such as pul- 
monary edema [4, 5, 9], pneumonia [6], or infarction [10]. 
This type of manifestation is clearly a reflection of the severity 
of calcium deposition, since cases in which the calcification is 
only moderate tend to show a reticular pattern typical of 
interstitial disease. Calcification can be unilateral or diffuse 
but tends to upper-zonal predominance [1, 2, 25]. The calcific 
nature of these varying patterns can be difficult to recognize 
with current high kilovoltage technique, and the diagnosis is 
seldom made premortem from an abnormal radiograph [3, 6]. 
As a result, the natural history of this condition is largely 
unknown. Visible calcification may remain stable for many 
years [25] or may develop rapidly [3, 8, 15]. We have seen 
one patient (not in this series) in whom diffuse massive 
calcification developed over a period of only 5 days. The 
relative insensitivity of conventional radiographs in detecting 
metastatic pulmonary calcification is well known. In the series 
of Conger et al. [1] only one of 9 patients with metastatic 
calcification at autopsy had a positive chest radiograph; this 
patient had extremely high tissue calcium levels with restric- 
tive lung disease, decreased Dico, and hypoxemia. This sug- 
gests that radiographic evidence of calcification usually oc- 
curs in symptomatic patients with the highest levels of calci- 
fication, an observation that is confirmed by our data. We 
conclude that mild and moderate amounts of metastatic cal- 
cification cannot be detected by conventional radiography. 
Indeed, the most common radiographic appearance in meta- 
static pulmonary calcification is a normal chest radiograph. 
Disappearance of metastatic calcification has been reported 
after return of normal renal function [6], parathyroidectomy 
[26], or renal transplantation [27, 28], indicating potential 
therapy for this condition if it could be recognized early. 

Some interest has been generated in early detection of 
metastatic calcification by radionuclide studies. In a study of 
23 hemodialysis patients, Faubert et al. [29] found 61% to 
have increased uptake in the lungs using °"Tc-diphospho- 
nate; all had negative conventional radiographs. Similar cases 
were reported by Grames et al. [30]. CT also has been used 
in a case of diffuse metastatic calcification [31]. There is no 
question that radionuclide scanning and CT are more sensitive 
than conventional radiography in the detection of metastatic 
calcification; however, they are more expensive and time 
consuming than DCR and involve greater radiation exposure 
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to the patient. With these techniques, the calcification cannot 
be quantified accurately, although dual-energy CT has the 
capability of quantifying calcium in bone and, presumably, in 
soft tissue. Quantification is potentially important to assess 
the impact of treatment in prevention or reversal of metastatic 
calcification. 

DCR detected metastatic calcification of the heart in 38% 
of our patients. In none was myocardial calcification detected 
by echocardiography or conventional chest radiography. in 
patients with the highest levels, the cardiac shadow was 
clearly more dense than normal on the DCR bone image, but 
in patients with mildly to moderately elevated levels by DCR 
measurement, the calcium was not visible. Cardiac calcifica- 
tion was associated with a nonlinear decline in ejection frac- 
tion in our series, suggesting that metastatic calcification may 
play a role in development of cardiac dysfunction in this patient 
population. 

Cardiac calcification in hemodialysis patients is common at 
autopsy, occurring in up to 58% of patients [2], although it is 
seen less frequently than metastatic calcification of the lung. 
Calcification of the conduction system can result in heart 
block [11, 12] and is a common cause of sudden death in 
dialysis patients [16]. Myocardial fiber calcification with re- 
sultant fibrosis may be a cause of unexplained cardiac failure 
[11]. Medial calcification of small arteries with subsequent 
occlusion and myocardial necrosis has also been reported as 
in our patient [2]. 

The premortem diagnosis of metastatic calcification of the 
heart is extremely difficult. Clinically, it can be suspected in 
patients with unexplained cardiac failure and conduction ab- 
normalities, but these findings are not universally present. 
Although first-degree heart block or bundle-branch block can 
precede complete heart block in the presence of calcification 
of the conduction system, this finding is nonspecific and was 
present in only one of our patients with abnormal calcium 
levels. Echocardiography can identify mitral annular calcifica- 
tion, but detection of myocardial deposition is rare. Decreased 
ejection fraction documented by radionuclide studies can be 
caused by coronary artery disease, hypertensive cardiomy- 
opathy, or valvular disease, all common conditions in dialysis 
patients. 

Statistical analysis in our series revealed that both pulmo- 
nary and cardiac calcification are significantly associated with 
elevated serum phosphate concentration and calcium-phos- 
phate product levels, supporting the view that deranged 
calcium-phosphate metabolism and secondary hyperparathy- 
roidism are important contributory factors [23]. There was no 
correlation noted with duration of hemodialysis or type of 
dialysate. Although the physical composition of calcium de- 
posited in nonvisceral and visceral tissues differs [26, 32, 33] 
and although it has been suggested that their etiologies are 
different [32], the high association of elevated cardiac values 
in our patients with periarticular and arterial calcification dis- 
putes this. 

The frequency of abnormal cardiac or pulmonary calcium 
content in our series (approximately 40%) is somewhat lower 
than the 50-80% reported in the literature. There are several 
possible reasons for this discrepancy: (1) differences in patient 
population, since autopsy studies may select severely af- 
fected patients; (2) differences in the true frequency of meta- 
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static calcifieation (many cf the autopsy studies performed in 
the early 1870s before the widespread use of phosphate 
binding agents and before the introduction of vitamin D ana- 
logs that allow better control of calcium and phosphate levels); 
(3) variation in the sampling of patients since calcification is 
patchy and nonuniform; (4) wide normal ranges, probably 
caused by differences in overlying soft-tissue calcium content; 
and (5) inab: ity to measure heart and lung values in isolation, 
probably the major problem in the detection of metastatic 
calcification by DCR. Since lung and chest wall soft tissue 
must be measured concurrently, probably the visceral value 
must be elevated appreciably in order to be considered above 
the normal range. 

However, there are at least three indications that our 
method measures relative values of pulmonary and cardiac 
calcium with reasonable accuracy: (1) There was no statistical 
difference ir soft-tissue calcium levels between sex-matched 
controls anc patients, indicating that the differences observed 
were caused by metastatic calcification. (2) In four patients 
with documerted pulmonary calcification by autopsy or clas- 
sic radiograshic findings, DCR confirmed abnormal pulmonary 
calcium content in all patients. (3) DCR can detect and quan- 
tify the calcum content of simulated and surgically removed 
pulmonary nodules with a high degree of accuracy [17, 18]. 
Although measurement ef calcium content over the heart 
includes the pericardium and variable amounts of breast 
tissue, whicn may also be calcified in these patients [34] and 
which may De sources of potential error, there was no evi- 
dence of cericardial caleification on conventional films. It 
seems unlikely that pericardial or breast calcification would 
be associated with a decline in left ventricular ejection fraction. 

In our vw, increased pulmonary calcium content and 
cardiac calcum content can be measured by DCR and reflect 
metastatic visceral calcification. DCR is a technique that 
provides arsin vivo diagnosis of occult cardiac and pulmonary 
calcification: that is more sensitive, specific, and quantitative 
than other current technicues. It may provide insight into the 
natural histere of this condition and the clinical factors under- 
lying cardicoulmonary compromise in this population. Early 
identificatioa of patients with metastatic calcification at a time 
when patients are still asymptomatic may allow assessment 
of potential treatment techniques such as parathyroidectomy 
or renal transplantation that can help prevent serious se- 
queiae. 





ACKNOWLEDGMENTS 


The authors thank Bruce A. Julian, Robert G. Luke, David W. 
Ploth, Jack Werk, and John H. Galla for referring patients for evalu- 
ation. We asc acknowledge Rick Kilgore for administrative help, 
Anthony Zacar for photographic support. and Katharine A. Kirk for 
aid in statistical evaluation. 


REFERENCES 


1. Conger JC, Hammond WS, 4lfrey AC, Contiguglia SR, Stanford RE, Huffer 
WE. Pulmonary calcification in chronic dialysis patients: clinical and path- 
ologic studies. Ann Intern Med 1975;83: 330-336 

2. Kuzela DC, Huffer WE, Conger JD, Winter SD, Hammond WS. Soft-tissue 
calcificaticn in chronic dialysis patients. Am J Pathol 1977;86: 403-417 

3. Kaitreider H3., Baum GL, Bogaty G, McCoy MD, Tucker M. So-called 
“metastatc” calcification of the lung. Am J Med 1969;46: 188-196 








END-STAGE RENAL DISEASE 


18. 


19. 


20. 
at. 
22. 


23. 
24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 
32. 
33. 


34. 


887 


. Neff M, Yalcin S, Gupta S, Berger H. Extensive metastatic calcification of 


the lung in an azotemia patient. Am J Med 1974;56: 103-109 


. Giacobetti R, Feldman SA, Ivanovich P, Huang CM, Levin ML. Sudden 


fatal pulmonary calcification following renal transplantation. Nephron 
1977;19:295-300 


. McLachlan MSF, Wallace M, Seneviratne C. Pulmonary calcification in 


renal failure. Report of three cases. Br J Radio! 1968:41 :99-106 


. Mootz JR, Sage! SS, Roberts TH. Roentgenographic manifestations of 


pulmonary calcifications. Radiology 1973;107:55-60 


. Margolin RJ, Addison TE. Hypercalcemia and rapidly progressive respira- 


tory failure. Chest 1984;86:767-769 


. Firooznia, Pudlowski R, Golimbu C, Rafii M, McCauley D. Diffuse interstitial 


calcification of the lungs in chronic renal failure mimicking pulmonary 
edema. AJR 1977;129: 1103-1105 


. Smith JC, Stanton LW, Kramer NC, Parrish AE. Nodular pulmonary caici- 


fication in renal failure. Am Rev Resp Dis 1969;100:723-728 


. Arora KK, Lacy JP, Schacht RA, Martin DG, Gutch CF. Calcific cardiomy- 


opathy in advanced renal failure. Arch Intern Med 1975,135:693-605 


. Fierer JA, Wagner BM, Strebel RF. Metastatic calcification of the myocar- 


dium. Am J Cardio! 1970;26:423-426 


. Henderson RR, Santiago LM, Spring DA, Harrington AR. Metastatic myo- 


cardial calcification in chronic renal failure presenting as atrioventricular 
block. New Eng! J Med 1971;284: 1252-1253 


_ Friedman R. Uremia and cardiovascular mortality. Ann intern Med 


1974.81 :696-697 


. Davidson RD, Pendras JP. Calcium-related cardio-respiratory death in 


chronic hemodialysis. Trans Am Soc Artif intern Organs 1967,3: 36-40 


. Terman DS, Alfrey AC, Hammond WS, Donndelinger T, Ogden DA, Holmes 


JH. Cardiac calcification in uremia: a clinical, biochemical and pathologic 
study. Am J Med 1971;50: 744-755 


. Hickey NM, Niklason LT, Sabbagh E, Fraser RG, Barnes GT. Oual-energy 


digital radiographic quantification of calcium in simulated pulmonary nod- 
ules. AJR 1987;148:19-24 

Fraser RG, Hickey NM, Niklason LT, Sabbagh EA, Luna RG, Barnes GT. 
Dual-energy digital radiography in the detection of calcification in pulmonary 
nodules, Radiology 1986;160:595-601 

Tesic MM, Mattson RA, Barnes GT, Sones RA, Stickney JB. Digital 
radiography of the chest: design features and considerations for a proto- 
type unit. Radiology 1983;148:259-264 

Barnes GT, Sones RA, Tesic MM, Morgan DR, Sanders JN. Detector for 
dual-energy digital radiography. Radiology 1985,156:537-540 

Lehmann LA, Alvarez RE, Macovski A, Brody WR. Generalizec image 
constructions in dual kVp digital radiography. Med Phys 1981;5:659-667 
Diem K, Lentner C., eds. Scientific tables, 7th ed. Basel, Switzerland: Ciba- 
Geigy, 1970 

Mulligan RM. Metastatic calcification. Arch Pathol 1947;43:177-230 
Parfitt AM. Soft-tissue calcification in uremia. Arch Intern Med 
1969;124:544-556 

Jost RG, Sagel SS. Metastatic calcification in the lung apex. AJR 
1979;133:1188-1190 

LeGeros RZ, Contiguglia SR, Alfrey AC. Pathological calcifications asso- 
ciated with uremia. Two types of calcium phosphate deposits. Calcif Tissue 
Res 1973,13:173-185 

Alfrey AC, Jenkins D, Groth CG, Schorr WS, Gecelter L, Ogden DA. 
Resolution of hyperparathyroidism, renal osteodystrophy and metastatic 
calcification after renal homotransplantation. New Engi J Med 
1968:279 1349-1356 

Verberckmoes R, Bouillon R, Krempien B. Disappearance of vascular 
calcifications during treatment of renal osteodystrophy. Ann Intern Med 
1975,82:529-533 

Faubert PF, Shapiro WB, Porush JG, et al. Pulmonary calcification in 
hemodialyzed patients detected by technetium-99m diphosphonate scan- 
ning. Kidney Int 1980;18:95-102 

Grames GM, Sauser DD, Jansen C, Soderbiom RE, Hodgkin JE, Stilson 
MS. Radionuclide detection of diffuse interstitial pulmonary calcification. 
JAMA 1974,230:992-995 

Genereaux GP. CT of acute and chronic distal airspace (alveolar) disease. 
Semin Roentgenol 1984;19:211-221 

Contiguglia SR, Alfrey AC, Miller NL, Runnells DE, Le Geros RZ. Nature 
of soft tissue calcification in uremia. Kidney Int 1973;4: 229-235 

Alfrey AC, Solomons CC, Ciricillo J, Miller NL. Extraosseous calcification. 
J Clin invest 1976;57:692-699 

Sommer G, Kopsa H, Zazgornik H, Salomonowitz E. Breast calcifications 
in renal hyoerparathyroidism. AJR 1987;148:855-857 


888 


Book 





Noninvasive Imaging of Cardiac Metabolism. Single Photon Scintigraphy, Positron Emission Tomography and 
Nuclear Magnetic Resonance. Edited by E. E. van der Wall. Boston: Nijhoff, 311 pp., 1987. $105.50 


One of the promises of nuclear imaging is the ability to visualize 
metabolic processes by using radiotracers. in this recently published 
monograph, the editor has collated several articles describing many 
aspects of the use of radiolabeled metabolic tracers to provide 
biochemical information about myocardial metabolism. 

The principal focus is on the use of fatty acids and their analogs 
as myocardial metabolic imaging agents. In contrast to thallium-201, 
relatively little attention has been paid to the use of radiolabeled free 
fatty acids as tracers for myocardial metabolism. In the opening 
chapter, “Radiopharmaceuticals for Cardiovascular Nuclear Medi- 
cine,” Elmaleh and coauthors present a review of most of the radio- 
labeled substrates that have been used for cardiac imaging. Consis- 
tent with the emphasis of the entire book, less than one page is 
devoted to monovalent cations, whereas at least 12 pages are 
devoted to labeled fatty acids. 

The remainder of the book describes metabolic cardiac imaging, 
with emphasis on using free fatty acids as the labeled substrate. The 
individual chapters are extremely detailed and provide excellent ref- 
erence lists. The chapter by van der Wall, “Myocardial Imaging with 
Radiolabeled Free Fatty Acids: Current Views,” provides an excellent 
overview of the rationale for using radiolabeled free fatty acids as 
markers for myocardial metabolism. 

Another chapter, “lodinated Free Fatty Acids: Reappraisal of Meth- 
odology,” by van Eenige et al. considers analysis and interpretation 
of time-activity curves. Particular attention is paid to problems of 
correction for background activity. A detailed and critical review of 
these areas is presented. 


Of particular interest are the last three chapters of the text. 
“Nuclear Magnetic Resonance Spectroscopy in Experimental Car- 
diology” by van Echteld and Ruigrok and “Nuclear Magnetic Reso- 
nance Spectroscopy: Its Present and Future Application to Studies 
of Myocardial Metabolism” by Barrett, Zahler, and Laughlin describe 
some experimental uses of MR as a means of studying myocardial 
metabolism in vivo. Both of these chapters emphasize the use of MR 
analysis of phosphorus-31 as a means of assessing myocardial 
energy metabolism in vivo. The last article, “Metabolic imaging: PET 
or NMR?” by Paans and Vaalburg, contrasts these two emerging 
techniques and discusses their relative strengths and weaknesses. 

Dr. van der Wall has compiled many well-written and informative 
articles about an important subject. The only problem with this text 
is that most of the articles deal with single photon-emitting isotopes. 
Unfortunately, relatively little attention is paid to the use of positron 
emitters, an area that already has provided an extraordinary amount 
of information about in vivo myocardial metabolism. 

This is an important text for anyone interested in myocardial 
metabolism. The information provided in this text combined with the 
recent review articles by Schelbert and Gould in the April 1987 issue 
of Seminars in Nuclear Medicine will provide a complete background 
in noninvasive imaging of cardiac metabolism. 


John P. Wexler 
Albert Einstein College of Medicine 
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Thoracic Extramedullary 
Hematopoiesis in Sickle-Cell 
Disease 





The radiographic manifestations of thoracic extramedullary hematopoiesis are unilat- 
eral or bilateral, smooth, sharply delineated, often lobulated paraspinal masses without 
erosion of the vertebral bodies or ribs, sometimes associated with subpleural, paracostal 
masses. These radiographic findings were encountered in eight adult patients with 
homozygous sickle-cell disease. In one patient, the masses encompassed essentially 
the entire thoracic paravertebral area bilaterally. In the other seven patients, the masses 
were unilateral and limited to the region of the eighth to the 12th thoracic vertebrae. 
Two of the eight patients had lateral subpleural masses that were not contiguous with 
the paraspinal masses and that were located medial to the lateral portions of the ribs. 
Follow-up in seven of the cases ranged from 2 to 15 years and demonstrated, after 
relatively rapid growth initially, either no change in size or slow growth. Each patient 
was asymptomatic with regard to the thoracic masses. Histologic verification was not 
available in any case because of the lack of clinical indication for invasive diagnostic or 
therapeutic procedures. 

The presence of well-defined unilateral or bilateral paraspinal masses and/or para- 
costal masses in patients with homozygous sickle-cell disease and without related 
symptoms should alert one to the possibility of the presence of extramedullary hema- 
topoiesis. These masses tend to be slow-growing and should not be subjected to 
aggressive diagnostic and therapeutic measures. 


Thoracic extramedullary hematopoiesis has been well described in cases of 
thalassemia and hereditary spherocytosis as sharply demarcated, unilateral or 
bilateral, paraspinal masses sometimes accompanied by paracostal messes and 
frequently found caudad to the sixth thoracic vertebra [1-4]. The authors are 
aware of only three previous reports [5-7] of the occurrence of thoracic extramed- 
ullary hematopoiesis in patients with sickle-cell disease. Diagnosis was obtaimed at 
autopsy in two patients [5, 6] and by the uptake of technetium-99m sulfur colloid 
(2°™Tc¢ SC) in the third [7]. We have recently encountered eight adult patients with 
homozygous sickle-cell disease whose chest radiographs showed paraspinal 
masses; two of these patients also had lateral subpleural paracostal masses. The 
similarity of these masses to those previously reported and the course of the 
masses suggest that thoracic extramedullary hematopoiesis occurs in homozygous 
sickle-cell disease more commonly than is indicated by the small number of reported 
cases. 


Materials and Methods 


Between May 1982 and June 1987, 108 adults with homozygous sickle-cell disease (55 
men and 53 women, ranging in age from 18 to 54 years) accounted for 1820 admissions to 
Howard University Hospital. The chest radiographs of this group of patients were examined 
for the presence of paravertebral thoracic masses thought to probably represent extramed- 
ullary hematopoiesis. These masses were identified in eight patients, who form the basis of 
this report. For one patient, chest radiographs dating back to 1970 were available for review. 


890 GUMBS ET AL. 


Six other patients with similar findings had follow-up chest radio- 
graphic examinations during the study period. Chest CT without 
contrast-medium infusion was performed in three of the eight cases. 
Technetium-99m SC bone marrow imaging with liver shielding was 
performed in two patients. 

Histologic proof was not obtained in any of the patients, since 
there were no symptoms referable to the masses and surgical inter- 
vention was not clinically warranted. 


Results 
Chest Radiographs 


Paraspinal masses were identified in eight (7%) patients 
(three women and five men). The age range at the time of 
detection was 18-36 years. The chest radiographs showed 
the posterior mediastinal masses to be bilateral and to encom- 


Fig. 1.—31-year-old man admitted with chest pain during sickle-cell 


crisis. 


A, Chest radiograph shows lobulated, bilateral, paravertebral extramed- 
ullary hematopoietic masses encompassing entire thorax (arrows). 

B, CT images 8 days after chest radiograph. Upper image depicts 
paraspinal (curved arrows) and posterior paracostal (long straight arrows) 
location of masses. Lower image shows medullary expansion of vertebral 
segments of ribs (open arrows) and a large right hematopoietic mass in 
both paraspinal and paracostal locations (short closed arrows). Patient 
had developed bilateral infiltrates and bilateral pleural effusions. 

C, *"Tc sulfur-colloid bone marrow image of chest shows uptake of 
radionuclide in bilateral paravertebral hematopoietic masses (straight ar- 
rows show superior extent) that is more pronounced just above diaphragm 


(curved arrows). 


, 
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pass the T1 through T12 levels in one patient (Fig. 1A). In the 
remaining seven patients, the masses were unilateral, three 
on the right and four on the left. The unilateral masses were 
located in varying extents between T8 and T12. The trans- 
verse dimensions of the masses were measured from the 
lateral border of the vertebral body to the lateral border of the 
mass and ranged from 0.5 to 7 cm. The masses were sharply 
circumscribed with smooth borders and were homogeneous 
in character. No erosion of the adjacent vertebrae or ribs 
could be seen. Paraspinal masses were identifiable on the 
lateral radiographs in only two patients, one with a 3.0-cm 
mass on the left and one with bilateral masses, several of 
which ranged in size from 3.0 to 7.0 cm. 

The course of the masses was that of slow or no growth 
after apparently rapid initial growth. The following three ex- 
amples illustrate the growth rates we found. (1) A right 
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paraspinal mass not identifiable in 1970 was evident in 1973 
as a 0.5-cm mass extending from T8 to T11; the mass 
progressed to 0.8 cm in 1974, to 1.5 cm in 1977, and 
eventually to 2.5 cm (extending from T8 to T12) in 1985. (2) 
A right paraspinal mass extending from T9 to T10 was initially 
0.6 cm, was 1.4 cm 6 menths later, and was 1.6 cm after an 
additional 15 months. (3) A 3.0-cm left paraspinal mass ex- 
tending from T8 to T9 exhibited no change in size during 4 
years of follow-up. The only patient exhibiting bilateral para- 
spinal masses had the largest mass (7.0 cm) but was lost to 
follow-up. 

In two patients, soft-tissue masses not contiguous with the 
paraspinal masses were seen medial to the lateral portions of 
the ribs (Fig. 2). Follow-up in one patient showed no change 
in the size of the masses over 1 year. 


CT Studies 


In three-patients, the lacation of the masses in the posterior 
mediastinum was Clearly identified, with the masses being 
situated in a paravertebral and/or posterior paracostal loca- 
tion, usually with contiguity between the sites (Figs. 1B and 
3B). The masses were sharply circumscribed with smooth 
margins, were homogeneous in character, and had attenua- 
tion values in the range of 30-65 H. There was good corre- 
lation between the sizes of the masses as measured on CT 
and as measured on the chest radiographs. In one patient 
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there was expansion of the vertebral segments of the ribs 
without periosteal elevation (Fig. 1B); in another patient there 
was expansion because of periosteal elevation (Fig. 3B). The 
vertebral bodies frequently appeared lacy in character. The 
lateral thoracic subpleural masses (Fig. 2B) noted on chest 
radiographs in two patients were again identified. 


Radionuclide Imaging 


There was uptake of °°"Tc SC in the paraspinal masses in 
one patient (Fig. 1C), but no uptake was noted in the second 
patient. 


Discussion 


The chest radiographs in eight patients with homozygous 
sickle-cell disease showed characteristic findings of sharply 
circumscribed, lobulated, posterior mediastinal masses that 
were unilateral in seven and bilateral in one. The masses in 
seven occurred between the eighth and 12th thoracic verte- 
brae, a location that was noted previously [2]. As expected, 
lateral chest radiographs were less useful in identifying these 
masses than were posteroanterior projections. In two of the 
eight patients, additional masses were seen medial to the 
lateral portions of the ribs (Fig. 2), a finding apparently not 
previously reported in sickle-cell disease but reported in thal- 





Fig. 2.— 18-year-old man admitted with pain in shoulders during sickle-cell crisis. 
A, Chest radiograph shows a well-demarcated right paraspinal hematopoietic mass at T8 through T10 (short arrows). Also note soft-tissue masses 


adjacent to lateral portions of right fifth and left sixth ribs (long arrows). 


B, CT image at level of rigħt fifth rib shows a soft-tissue mass seen medial to lateral portion of rib (arrow). 
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Fig. 3.—35-year-old man admitted with chest pain during sickle-cell crisis. 
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A, Chest radiograph shows a mass (arrows) of extramedullary hematopoietic tissue seen through left hilum. Shadow to right of spine is an enlarged 


left atrium in this patient with mitral stenosis. 


B, CT image shows periosteal elevation (arrows) of left eighth rib adjacent to hematopoietic mass. 


assemia [8]. Histologic evidence of a paracostal location of 
extramedullary hematopoiesis has been previously described 
in Paget disease [9]. 

CT was useful in confirming the location and character of 
the masses identified on the chest radiographs. Its main 
contribution, however, was in the evaluation of the bony 
thorax. Widening of the vertebral ends of the ribs by medullary 
expansion (Fig. 1B) and/or periosteal elevation (Fig. 3B) seen 
on CT could not be identified on the chest radiographs. These 
same findings were reported by Long et al. [8] and Lawson 
et al. [10] in patients with thalassemia. The lacy architecture 
of the vertebral bodies was also more clearly seen on the CT 
images. These findings are the manifestations of the wide- 
spread hyperplasia of the marrow seen in patients with he- 
molytic anemias. 

Technetium-99m SC bone marrow imaging has been em- 
ployed to identify the masses of extramedullary hemato- 
poiesis, the assumption being that the distribution of eryth- 
ropoietic and reticuloendothelial elements is similar [11]. This 
assumption has recently been challenged by Harnsberger et 
al. [12] who reported a case in which there was no uptake of 
either indium-111 chloride or °°"Tc SC in an abdominal mass 
that was proved by surgery to be a site of extramedullary 
hematopoiesis. Failure of uptake of °°"Tc SC also occurred 
in one of our patients. 

The pathogenesis of extramedullary hematopoiesis is still 
unclear. One theory [10, 13] proposes that bone marrow 
herniates through the cortex of the rib or vertebra. Lawson 


et al. [10], using specimen radiography (including CT), confirm 
that the expansion of the vertebral ends of the ribs in thalas- 
semia is due to the proliferation of the marrow beneath an 
intact periosteum. In a case of Paget disease, extrusion of 
marrow through microfractures of the vertebrae and ribs was 
thought to be the predisposing factor in the development of 
the adjacent extramedullary masses of hematopoietic tissue 
[9]. The CT findings of widening of the ribs by medullary 
expansion and/or periosteal elevation and the cortical thinning 
associated with the adjacent masses of hematopoiesis lend 
credence to the herniation theory, which is at least sometimes 
applicable. 

Autopsies in cases of homozygous sickle-cell disease, 
sickle-cell B-thalassemia, and hereditary spherocytosis, how- 
ever, have failed to show any continuity between the para- 
vertebral masses and the ribs or vertebrae [3, 5, 6]. Although 
it is conceivable that continuity once existed and later became 
obliterated, it is just as likely that a second theory is true, 
which proposes the development of extramedullary hemato- 
poiesis from heterotopic or multipotential cells [4]. 

Histologic verification was not obtained in any of our pa- 
tients. Since the patients had no symptoms referable to the 
thoracic masses, biopsies were not appropriate. 

The radiographic findings of thoracic extramedullary he- 
matopoiesis in patients with sickle-cell disease include 
smooth, sharply circumscribed, homogeneous paravertebral 
masses often associated with contiguous posterior paracostal 
masses and lateral subpleural paracostal masses. The fre- 
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quency of these masses in our hospitalized sickle-cell patients 
was 7%. Extramedullary hematopoiesis should therefore be 
suspected in patients with sickle-cell disease who present 
with any of these findings. Patients with sickle-cell disease 
and extramedullary hematopoiesis can be followed by yearly 
CT or chest radiographs, possibly combined with °"Tc SC 
bone marrow imaging, since the intrathoracic masses are 
usually asymptomatic and exhibit slow growth. 
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The Clinical Recognition of Congenital Heart Disease. By Joseph K. Perloff. Philadelphia: Saunders, 720 pp., 
1987. $95 


Congenital cardiac lesions, although relatively uncommon, are still 
encountered in the day-to-day practice of general radiology. With 
certain anomalies, such as pulmonic stenosis or atrial septal defect, 
in which the symptomatology may not be striking, the radiologist can 
be the first to recognize and diagnose the condition. The radiologist’s 
need for a basic knowledge of congenital heart disease has become 
even more important with the advent of MR because of the tech- 
nique’s potential for cardiac diagnosis and its use in the pre- and 
postoperative evaluation of the patient who has congenital heart 
disease. 

The book concerns itself with the clinical diagnosis of congenital 
heart disease and covers the spectrum of cardiac anomalies in both 
adults and children. Although several general chapters cover topics 
such as cardiac malpositions and anomalies of the coronary arteries, 
others deal with a single anomaly or a closely related group of lesions. 
Each begins with a brief (and interesting) history of the knowledge of 
the specific congenital lesion and is followed by a lucid description of 
the pathologic anatomy and the resulting hemodynamic aberrations. 
Anatomy and aberrations are well correlated and provide an under- 
standable picture of the cause and effect of the clinical abnormalities. 
Subsequent sections cover, in a fairly detailed manner, the symptom- 
atology and natural history of the disease, the physical manifesta- 
tions, and the ECG findings. The genesis of the radiographic findings 
is explained in terms of the altered anatomy and physiology. Reliability 
and specificity of the findings, radiographic differential diagnosis, and 
distinguishing characteristics between similar conditions are dis- 
cussed. The last section in each chapter is devoted to two-dimen- 
sional echocardiography. As these sections are rather short, some 


previous knowledge of the technique is required if they are to be of 
value to the reader. 

The book appears to be designed primarily for internists and 
cardiologists as the discussions on physical examination and the 
ECG are quite detailed. However, the sections on the natural history 
of a lesion, its anatomy and physiology, and the findings on chest 
radiographs are definitely of value for the radiologist. 

The book is illustrated extensively. Examples are well chosen and 
labeled, and the legends are written clearly. The pertinent anatomic 
findings are shown by means of photographs of dissected hearts, 
diagrams, and, occasionally, angiocardiograms. Numerous chest ra- 
diographs are included, but, although adequate, their reproduction 
does not measure up to the quality that would be expected in a 
radiologic text. The bibliography is very thorough, pertinent, and 
current. 

In the foreword, the author sets the purpose for the book as the 
“premise that an understanding of anatomy and physiology makes 
the clinical manifestations of heart disease intelligible.” This intent is 
well realized in the text. Because of the limitations of the subject 
matter and the constraints imposed by the modest size of the book, 
it is not sufficient to serve as a primer for the radiologic study of 
congenital heart disease or as the definitive text on the subject. 
Nevertheless, it is a most useful reference work. The book seems 
best suited as a supplementary text for the radiologist who is already 
somewhat conversant with congenital cardiac lesions. 
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Cardiac Tumors and Thrombus: 
Evaluation with MR Imaging 





Thirty patients with a suspected cardiac or pericardial mass underwent MR imaging. 
Twenty-six also had two-dimensional (2D) echocardiography, and three also had CT; 
one patient had MR only. Overall, 18 (60%) of the 30 patients were found to have a 
mass lesion. The lesion was confirmed by biopsy, surgery, or unequivocal demonstration 
on CT, 2D echocardiography, and/or MR imaging. Fourteen of the lesions were soft- 
tissue or tumor masses, and four were thrombi. The findings on 2D echocardiography 
and MR were in agreement in 17 (65%) of 26 patients who had both studies. MR was 
equivocal or in error in two patients (7%), and 2D echocardiography was nondiagnostic 
in seven (27%). In all seven patients with equivocal 2D echocardiography, the diagnosis 
was made by MR. In the four patients who did not have 2D echocardiography, MR 
showed the mass clearly. 

MR imaging is useful in the diagnosis of cardiac mass lesions. It can be used 
effectively in addition to 2D echocardiography to increase the certainty of diagnosis, 
and it is useful when 2D echocardiography is equivocal or inadequate. 


At present two-dimensional (2D) echocardiography is the primary imaging tech- 
nique used in the evaluation of patients with a suspected cardiac mass lesion. In 
most instances it is the only imaging technique employed, and the results determine 
the course of further workup. Numerous reports have described the use of 2D 
echocardiography to detect intracardiac masses [1-6]; however, few have reported 
autopsy and surgical correlations. Because the sensitivity and specificity of 2D 
echocardiography is not 100% [7, 8], the availability of another noninvasive imaging 
technique is important. 

ECG-gated MR imaging has been shown to provide high-quality images of the 
heart and has been useful in the detection of cardiac tumors, thrombi, and 
paracardiac masses in several small series [9-12]. It is the purpose of this report 
to describe our experience with MR imaging in a larger group of patients with 
suspected cardiac and paracardiac mass lesions and to compare the results with 
2D echocardiography and, when available, CT. 


Materials and Methods 


Thirty patients with a suspected or possible cardiac mass lesion (tumor, thrombus, or 
paracardial mass) underwent MR scans of the heart on a 0.3-T permanent magnet system 
(Fonar Corp., Melville, NY). ECG gating was used in all but four patients. Images were 
acquired by using the spin-echo technique with echo time (TE) = 28 msec or 58 msec and 
repetition time (TR) determined by heart rate. Imaging was performed with the multislice 
interleave technique. Section thickness was 9 mm at 12-mm intervals for adults and 7 mm at 
10-mm intervals for infants and children. Images were acquired in axial and sagittal oblique 
projections, and surface coils were used in infants and children. All infants and cnildren were 
sedated. The average time of each MR study was 45-60 min. The patients ranged in age 
from 14 months to 85 years. Twenty-six patients had 2D echocardiography before or shortly 
after MR to determine the presence or absence of a cardiac mass lesion. Three patients had 
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CT scans instead of 2D echocardiography, and one patient had MR 
imaging only. 

Two-dimensional echocardiography was performed by using com- 
mercially available equipment with wide-angle, electronic phased- 
array; pulsed and continuous-wave Doppler capabilities; and trans- 
ducers of 2.5-10 MHz. The 2D echocardiograms and CT scans were 
interpreted independently for the presence of a mass lesion by two 
observers, and characterization of mass lesions was attempted. 

Although ail of the patients referred for MR imaging were suspected 
of having a cardiac mass lesion, the results of 2D echocardiography 
and CT were not known at the time of the MR study. A mass lesion 
was diagnosed if the mass was shown on both 2D echocardiography 
and MR imaging or unequivocally shown on one of the two studies 
to the satisfaction of both the echocardiographer and MR radiologists. 
Similar criteria were used to exclude the presence of a mass. A mass 
was excluded if it was not present on both studies. Clinical history, 
biopsy or surgical results, and CT findings (when available) were 
used to determine the nature of the mass lesion. 


Results 


The types of lesions evaluated and the results of MR and 
echocardiography are presented in Table 1. Overall, a cardiac 
mass was found in 18 of the 30 patients. The results of 2D 
echocardiography and MR were in agreement in 17 (65%) of 
the 26 patients who had both echocardiography and MR. 

Twelve of the 13 patients with atrial lesions had both 2D 
echocardiography and MR. Echocardiography and MR were 
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in agreement in seven (58%) of the 12 (Figs. 1-3). In one 
patient a large atrial mass seen on MR was missed on 
echocardiography, where it was confused with a large, locu- 
lated pericardial effusion. Echocardiography suggested a 
mass involving the interatrial septum in two patients. On MR 
imaging, the atrial septum was seen to be mildly thickened 
out normal in one patient; in the second patient, a heart- 
transplant patient with a recent cerebrovascular accident, MR 
showed a deformity in the septum consistent with the site of 
anastomosis of the donor atrium to recipient and no evidence 
of adjacent thrombus. In another patient with recurrent neu- 
rologic symptoms and a recent stroke, echocardiography was 
incomplete owing to its inability to image the left atrium 
because of silicon breast implants. MR clearly showed the 
left atrial thrombus. in the fifth patient, with widespread oat 
cell carcinoma, marked compression of the superior vena 
cava, right atrium, right pulmonary artery, and roof of the left 
atrium was seen on MR. Two-dimensional echocardiography 
showed no evidence of cardiac compression by the tumor or 
other cardiac abnormality. 

Fourteen patients underwent evaluation for suspected ven- 
tricular mass lesions. Thirteen of these had 2D echocardiog- 
raphy. MR imaging and 2D echocardiography were diagnostic 
and in agreement in nine (69%) of the 13 patients. Echocar- 
diography was equivocal for a left ventricular tumor mass in 
a smail child with myocardiopathy and arrhythmia. MR clearly 


TABLE 1: Evaluation of Atrial, Ventricular, and Pericardial Mass Lesions 


Site of Lesion: Suspected No. of 
Diagnosis Patients 
Right atrium: 
Thymoma 1 
Angiosarcoma 1 
Metastasis, unknown pri- 
mary 1 
Metastatic schwannoma 1 
Rule-out mass, interatrial 
septum 2 
Metastatic adrenal 1 
Metastatic renal 1 
Metastatic oat cell 1 
Carcinoid syndrome rule- 
out of right-ventricle tu- 
mor 1 
Left atrium: 
Left atrial myxoma 2 
Stroke, rule-out thrombus 1 
Right ventricle: (RV): 
Rule-out RV thrombus 2 
Rule-out RV tumor 1 
Left ventricle (LV): 
Rule-out LV tumor 1 
Septal mass 1 
Rule-out LV thrombus 9 
Pericardial lesions: 
Metastatic carcinoma 1 
Lymphoma 1 
Metastatic leio- 
myosarcoma 1 


MR Echocardiography Mass 
Diagnostic Diagnostic Present 
1 1 1 
1 1 1 
1 0 1 
1 1 1 
Z 0 1 
1 ND 1 
1 1 1 
1 0 1 
1 1 0 
2 2 2 
1 0 1 
2 2 0 
1 ND 0 
1 0 0 
1 1 1 
7 8 3 
1 ND 1 
1 ND 1 
1 1 1 
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Note.—The presence of a mass was determined by unequivocal demonstration on echocardiography and/or MR 


imaging or by surgery, biopsy, or CT. ND = not done. 
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Fig. 1.—‘ascular and cardiac invasion by mediastinal thymoma in 26-year-old woman with 
superior vera cava syndrome due to caval and atrial invasion by thymoma. Echocardiography 


showed atria! mass. 


A, Corone MR scan (TE = 28 msec) shows mass extending from superior vena cava down into 


right atrium arrow). 


B, Axial scan shows thickened right atrial wall with polypoid mass extending into right atrium 


(arrow). Biopsy of tissue revealed invasive thymoma. 


Fig. 2.—Left atrial myxoma in 42-year-old man 
with two-dimensional echo consistent with left 
atrial myxoma. Axial MR scan (TE = 28 msec) 
shows ovoid mass in left atrium attached'to inter- 
atrial septum (arrow). The patient was dyspneic, 
and MR study was degraded by motion artifacts. 
Surgery confirmed left atrial myxoma. 





Fig. 3.—Large mass in right atrium of 36-year-old man who had undergone recent resection of right atrial angiosarcoma. Two-dimensional eehocardi- 


ography showed new right atrial mass. 


A, Axial MR scan (TE = 28 msec) shows high-signal mass lesion filling right atrium (arrow). 

B, Coronal scan again shows high-signal mass (arrow). At repeat operation a large thrombus was found to be compressing Dacron patch, which had 
been used to reconstruct anterior right atrial wall. Residual tumor was found in suture line. Postoperative MR showed removal of mass. 

C, MR scan 13 months later (TE = 28 msec) shows recurrent mass in right atrium (arrow). T2-weighted (TE = 56 msec) image at same time showed no 
change in signal intensity of mass and similar-appearing high-signal, pleural-based metastasis. Angiosarcomas are typically associated with a large 
amount of thrombus, which may account for high signal seen on both T1- and T2-weighted images in this repeat study. 


showed tie ventricle to be free of mass. Eleven patients 
underweni evaluation for ventricular thrombus. MR and 2D 
echocardiography excluded thrombus in the right ventricle of 
two patients. In the nine patients undergoing evaluation for 
left ventricular thrombus, echocardiography identified throm- 
bus in three (Fig. 4). MR demonstrated thrombus in two of 
the three. but was equivocal in the third. In the six other 
patients 2D echocardiography showed no evidence of throm- 


bus in five and was equivocal in the sixth. MR was interpreted 
as showing no thrombus in five, but as showing a thrombus 
in a sixth patient in whom multiple echoes were seen in a left 
ventricular aneurysm (false positive). In the one patient in 
whom echocardiography was equivocal for thrombus, the MR 
study clearly showed the ventricle to be free of thrombus. In 
the three patients with pericardial masses the masses were 
readily identified on MR on all (Fig. 5). 





The results of the group as a whole are summarized in 
Table 2. Of the 30 patients studied, MR was in error or 
equivocal in two patients, both of whom were being evaluated 
for the presence of a left ventricular thrombus. In the 26 
patients who had 2D echocardiography, the echocardiogram 
was in error or nondiagnostic in seven (24%) (four with a 
mass, three without). In the seven patients in whom 2D 
echocardiography was nondiagnostic, the use of MR provided 
diagnosis. In 11 of the patients, all of whom had a cardiac 
tumor, histology of the mass lesion was determined at surgery 
or with biopsy. In all patients in this series management was 
determined by the noninvasive studies. 


Discussion 


Although 2D echocardiography is the primary screening 
technique for patients with a suspected cardiac mass, the 
need for another noninvasive imaging method is clear. Several 
large echocardiographic studies evaluating cardiac masses 
have indicated there are a number of equivocal or false- 
positive studies, and in some patients a technically adequate 
echocardiogram cannot be obtained because of chest-wall 
thickness or deformity or emphysema [3-5, 13]. Intracavitary 
lesions may be missed [7, 14, 15] if the acoustic impedance 
of a mass is not sufficiently different from that of blood or 
endocardium to permit adequate reflection on sonography. 
Masses may produce atypical echo patterns or may be in a 
location inadequately defined by echocardiography, for ex- 
ample, the left atrial appendage [7, 16, 17]. 

The cloud or conglomeration of echoes seen on 2D echo- 
cardiography is not specific for intracardiac tumors and may 
be produced by a variety of abnormalities [1]. Masses must 
also be distinguished from normal anatomic variants. On 2D 
echocardiography, intramural tumors characteristically pro- 
duce a disproportionate increase in mural width in the area of 
tumor involvement, but this finding is not specific [1]. 

Two-dimensional echocardiography is highly sensitive in 
detecting left ventricular thrombus, but false-positive or equiv- 
ocal studies are relatively common and false-positive rates as 
high as 28% have been reported [3]. Large, echogenic, 
irregular, mobile mural thrombi are easy to detect on echo- 
cardiography. Immobile or laminated mural thrombi can be 
difficult to identify [13, 18]. Stagnant or nonmoving intracar- 
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Fig. 4.—Left ventricular thrombus in 44-year- 
old man with left ventricular failure and stroke 
who was found to have a dilated, hypokinetic left 
ventricle and apical filling defect on echocardi- 
ogram. Axial T1-weighted scan (TE = 28 msec) 
shows high-signal mass in apex of left ventricle 
consistent with thrombus (arrow). 


Fig. 5.—Recurrent Hodgkin disease involving 
pericardium in 22-year-old man with recurrent 
adenopathy. CT suggested pericardial mass. Ax- 
ial T1-weighted image (TE = 28 msec) shows 
mass invading pericardium at cardiac apex (ar- 
row). Biopsy confirmed lymphoma. 


TABLE 2: Cardiac Mass Lesions: Comparison with 
Echocardiography 








No. of 
Status Patients 
Cardiac mass lesion present: 
Results of MR and 2D echo agree 10 
MR equivocal 1 
2D echo in error or equivocal 4° 
2D echo not done 3 
Subtotal 18 
No cardiac mass lesion present: 
Results of MR and 2D echo agree 7 
MR false positive 1 
2D echo equivocal 3° 
2D echo not done E | 
Subtotal 12 
Total 30 


ISSC REESE SES OER SEE SAP Et SE E E ES E r O SSS 
* In the seven patients with nondiagnostic two-dimensional (2D) echocardi- 
ography, the use of MR provided diagnoses. 


diac blood is very echogenic; thus, slow-flowing blood along 
akinetic or dyskinetic ventricular walls can be confused with 
thrombi [18, 19]. 

Detection of left atrial thrombi with 2D echocardiography 
may be difficult, and a sensitivity of 2D echocardiography of 
58.8% has been reported [4, 18]. Two-dimensional echocar- 
diography is highly useful for the diagnosis of right atrial 
thromboemboli [20]. 

In our series MR provided easy delineation of intraatrial 
masses and thrombi. Compared with echocardiography, MR 
provides superior spatial and contrast resolution and a larger 
field of view. It allows imaging of the entire heart in several 
projections, facilitating delineation of the size and extent of 
cardiac tumors, and provides superior assessment of the 
great vessels and their involvement or compression by tumor 
masses. There is better delineation of the extent of cardiac 
deformity and impingement by metastatic mediastinal tumors 
on MR. It was particularly useful for following the changes in 
tumor size after therapy. 

Cardiac tumors were of variable signal intensity, most 
frequently with an intensity similar to that of myocardium. 
Cardiac thrombi had variable appearances in this series, and 
were either very bright or of low intensity (gray). Although we 


had no difficulty in determining the presence of atrial thrombi 
we did enceunter difficulty in the evaluation of left ventricular 
thrombi by MR imaging. As with 2D echocardiography, differ- 
entiation of thrombi from slow-flowing blood in areas of dys- 
kinesia or axinesia was difficult because of the increased MR 
signal produced by slow-flowing blood. When assessed as a 
group, the images in the patients evaluated for left ventricular 
thrombi tended to be of lesser quality, primarily because of 
respiratory artifacts. Cardiac arrhythmia with consequent 
poor ECG gating may have contributed to the poor image 
quality in one case. Poor image quality coupled with the 
increased signal of slow-flowing blood hampered interpreta- 
tion in two patients with left ventricular aneurysm and sus- 
pected thrombus. 

Zeitler ef al. [21] identified a left ventricular thrombus on 
MR as a reproducible signal of varying intensity at the anterior 
left ventricular wall; it remained unchanged even at a longer 
echo time. Dooms and Higgins [12], in a series of 10 patients, 
described thrombus as having higher intensity than normal 
myocardiura on the first-echo image (TE = 28 msec), and the 
contrast was further accentuated on the second-echo image 
(TE = 56 msec). In one of their patients the thrombus was 
less intense than myocardium on both the first- and second- 
echo images. Intracardiac signal from stagnant blood was 
identified by characteristic variations in signal intensity, with 
stagnant blbod showing an absolute increase in signal inten- 
sity from the first- to the second-echo image attributed to 
even-echo rephasing. Despite this, they could not always 
distinguish between slow flow and thrombus in their retro- 
spective study. 

Spatial misregistration of flow signal and the marked in- 
crease in intraventricular flow signal that can occur on the 
second echo because of even-echo rephasing may hamper 
delineation of thrombus. We did not find T2-weighted spin- 
echo (TE = 56 msec) imaging with an increased number of 
averages consistently helpful in this study because of the 
lower signé'-to-noise ratio of the T2-weighted images, longer 
acquisition time, and increased number of motion artifacts. 
Alteration cf the gating sequence to a different point in the 
cardiac cycie was helpful in several difficult cases. 

Experimental studies of clotted blood by using T2-weighted 
spin-echo MR images have shown that serum and plasma 
have high signal (white) and clot has low signal (black); this 
suggests that serum and plasma have long T2 relaxation 
times [22]. Correlation of these experimental findings with in 
vivo evaluation of cardiac thrombi no doubt is affected by the 
varying ages of in situ cardiac thrombi and resultant changes 
in T1 and P2. 

In MR, zs in echocardiography [16], indirect signs of left 
ventricular thrombus may include a “paradoxical” increase in 
the thickness of the myocardium at a site of left ventricular 
aneurysm, Dut the accuracy of this with MR is undetermined. 
Similarly, as with 2D echocardiography, care must be taken 
not to contuse normal cardiac structures such as papillary 
muscle with cardiac masses. The use of sagittal oblique 
projections is helpful in distinguishing normal from abnormal 
structures. 

At preseat it is likely that echocardiography will remain the 
primary imaging technique to screen patients with suspected 
cardiac messes. It permits real-time imaging at a low cost. 
Echocardicgraphy has limitations: (1) the results of echocar- 
diography may be operator-dependent, (2) the body habitus 


of some patients does not permit echocardiography, and (3) 
its sensitivity is not 100%. Currently, the disadvantages of 
MR are higher cost and the requirement for ECG gating. 

Nonetheless, our experience indicates MR will play an 
important role in the evaluation of patients with suspected 
cardiac masses, particularly those located in the left atrium 
or involving the great vessels. It can be used effectively in 
those instances when the echocardiogram is suboptimal or 
equivocal and when confirmation of the echocardiographic 
diagnosis is necessary. 
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Diagnostic and Interventional Catheterization in Congenital Heart Disease. By James E. Lock, John F. Keane, 
and Kenneth E. Fellows. Boston: Nijhoff, 189 pp., 1987. $55 


This small (189 pages) book presents a concise and up-to-date 
review of the current status of cardiac catheterization in infants and 
children. The chapters include the expected information on the pre- 
catheterization evaluation of patients with congenital heart disease, 
techniques for performing cardiac catheterization, and the essentials 
of obtaining both hemodynamic and angiographic information. In 
addition, the authors present the latest information on interventional 
procedures, including balloon angioplasty and balloon valvotomy. A 
separate chapter is devoted to interventional septostomy, catheter 
occlusion techniques, and pericardial drainage. Shorter chapters on 
exercise, drug studies, myocardial biopsy, and electrophysiologic 
studies are included also. An interesting chapter reviews the specific 
needs and expected pathology in adults with congenital heart dis- 
ease. 

The three contributing authors are from the same institution and 
hospital, and although some stylistic differences exist, the overall 
tone is consistent and the approach is a practical, conversational, 
informational, and, at times, witty one that is easy to follow. It is 
understandable that the book has been used as a working handbook 
for cardiology trainees. 


The illustrations, including diagrams, graphs, and angiograms, are 
of excellent quality and are well integrated with the text. The refer- 
ences are extensive and up-to-date. The angiographic section is 
particularly well done. Radiation exposure, contrast materials, cath- 
eters, and angulated projections are all covered quite clearly. The 
author of this chapter also has included brief suggestions on posi- 
tioning the catheter, types of catheters, amount of contrast material, 
and positioning the patient for performing angiograms in a variety of 
common congenital heart diseases. 

| think that the audience for this excellent little book will be limited 
to residents and fellows training in cardiovascular radiology and 
cardiology. However, it really should be made available in all cardiol- 
ogy training programs and should be used as a reference guide by 
cardiologists and radiologists who do cardiac catheterizations and 
who occasionally must perform this procedure in adults who have 
congenital heart disease. 
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Pulmonary Artery False 
Aneurysms Secondary to Swan- 
Ganz Pulmonary Artery Catheters 





Several complications from the use of balloon-tipped flow-directed (Swan-Ganz) 
pulmonary artery catheters are recognized. One infrequent but life-threatening compli- 
cation is false aneurysm formation associated with rupture or dissection of the pulmo- 
nary artery. We report 10 cases of catheter-induced pulmonary artery false aneurysms 
identified during a 9-year period. Initial presentation was radiologic in six patients and 
Clinical (hemoptysis) in four. Later chest radiographic findings consisted of a well- 
defined, persistent pulmonary nodule or mass (three patients) or focal, dense parenchy- 
mal consolidation (six patients) that either persisted (two patients) or evolved into a 
nodule or mass (four patients) adjacent to the catheter tip. Cavitation of a pulmonary 
mass developed in one case. Two of eight deaths were caused by pulmonary artery 
false aneurysm formation and rupture with subsequent fatal hemorrhage. In one patient 
who survived, the false aneurysm was shown by pulmonary angiography and embolized 
with coils and Gelfoam. 

We conclude that pulmonary artery false aneurysms are life-threatening complications 
of pulmonary artery catheters and have characteristic chest radiographic findings. 


since their introduction in 1970 by Swan et al. [1], balloon-tipped flow-directed 
pulmonary artery catheters have become widely used as a method of monitoring 
the hemodynamic status of critically ill patients. While generally regarded as safe, 
pulmonary artery catheterization is an invasive procedure often performed without 
the aid of fluoroscopy, and a number of complications related to this procedure are 
recognized [2-16]. 

One infrequent but life-threatening complication is pulmonary artery false aneu- 
rysm (PAFA) formation associated with rupture or dissection caused by the balloon 
catheter tip [17, 18]. We retrospectively analyzed 10 cases of catheter-induced 
PAFAs and report the clinical presentation, findings on chest radiographs and 
pulmonary angiography, and pathologic data at autopsy, as well as the description 
of a single case successfully treated by transcatheter embolization. A discussion 
of the causes, risks, and pathogenesis of catheter-induced pulmonary artery trauma 
is presented. 


Materials and Methods 


During a 9-year period from February 1978 to February 1987, 10 patients with PAFAs 
secondary to balloon-tipped, flow-directed (Swan-Ganz) pulmonary artery catheters were 
identified at Memorial Medical Center of Long Beach. The patients were 59-88 years old 
(mean, 71 years). Seven were women and three were men. Admission diagnoses were 
congestive heart failure (four patients), acute myocardial infarction (three patients), elective 
cardiac catheterization (one patient), gastrointestinal bleeding (one patient), and chronic renal 
failure (one patient). Indications for pulmonary artery catheterization were hemodynamic 
instability (e.g., congestive heart failure, pulmonary edema, hypotension, and renal failure) in 
eight patients and preparation for cardiac valvular replacement in two patients. 
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Seven-French Swan-Ganz catheters (Edwards Laboratories, Santa 
Ana, CA) were placed in the first three patients (1978-1982), and the 
subsequent seven patients (1983-1987) received Gould 7-French, 
Criticath, four-lumen thermodilution catheters (Gould, Inc., Medical 
Products Division, Oxnard, CA). The route of insertion included the 
right internal jugular vein (five patients), right subclavian vein (two 
patients), femoral vein (two patients), and left subclavian vein (one 
patient). 

Patient records were reviewed retrospectively for pertinent clinical 
data, including presentation of PAFA, location of PAFA, duration 
between catheter placement and diagnosis of PAFA, pulmonary 
artery pressures, coagulation status, steroid therapy, and causes of 
the eight deaths. Complete autopsies were performed in five patients. 

Chest radiographs before and after placement of pulmonary artery 
catheters were reviewed for pertinent findings. One patient underwent 
pulmonary angiography and transcatheter embolization with Gelfoam 
(Upjohn Co., Kalamazoo, Ml) and 5-mm Gianturco-Anderson-Wallace 
coils (Cook, Inc., Bloomington, IN). 

Criteria for diagnosis of PAFA included one of the following: (1) 
autopsy confirmation (five patients); (2) pulmonary angiography (one 
patient); (3) characteristic chest radiographic findings (persistent, well- 
defined pulmonary nodule or focal parenchymal consolidation) tem- 
porally related to pulmonary artery catheter placement and spatially 
related to catheter tip location (three patients): and (4) criterion 3 plus 
temporally related hemoptysis (one patient). 


Results 


The initial presentation of PAFA was either clinical or radio- 
graphic. Four patients presented Clinically with hemoptysis, 
always within 24 hr after catheterization. Five patients devel- 
oped characteristic chest radiographic findings without he- 
moptysis or other specific clinical signs or symptoms. A single 
patient presented initially with radiographic changes followed 
weeks later by hemoptysis. 

The duration between catheter introduction and presenta- 
tion of PAFA was (1) less than 24 hr in five patients, (2) 1 day 
in two patients, (3) 2-3 days in two patients, and (4) 14 days 
in one patient. 

Catheters in all 10 patients entered the right pulmonary 
artery. The locations of the false aneurysms were the right 
lower lobe in five, right middle lobe in three, and the right 
upper lobe in two. 

Eight of the 10 patients died during the hospitalization 
involving pulmonary artery catheterization. Causes of death 
were (1) cardiac arrest in three (38%) of the eight, (2) compli- 
cations of myocardial infarction (e.g., congestive heart failure, 
cardiogenic shock, respiratory failure) in three (88%), and (3) 
PAFA formation and rupture secondary to pulmonary artery 
catheters in two (25%). These last two patients each devel- 
oped hemoptysis. In one case hemoptysis was massive, 
occurring the day after catheterization; in the other patient, 
the final of several episodes of hemoptysis occurred weeks 
after initial catheter placement and weeks after the manifes- 
tation of suggestive radiographic findings. Autopsies in five 
patients revealed the sites of pulmonary artery rupture, with 
contiguous localized hemorrhages representing false aneu- 
rysms varying in diameter from 2.5 to 8.0 cm. In two cases 
the faise aneurysm had ruptured into an adjacent bronchus. 

All 10 patients had pulmonary arterial hypertension of vary- 
ing degrees. In eight, pulmonary hypertension was graded as 
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moderate to severe: Pulmonary artery pressure was =48/20 
mm Hg in four and 260/23 mm Hg in four. Pulmonary hyper- 
tension was considered mild in two patients with pulmonary 
artery pressures of 32/11 and 41/23, respectively. 

During the time of catheterization and development of 
PAFAs, seven patients were anticoagulated, as defined by 
the existence of heparin and/or Coumadin (warfarin) therapy 
plus at least two of the following laboratory abnormalities: (1) 
prolonged prothrombin time, (2) prolonged activated partial 
thromboplastin time, (3) prolonged activated clotting time, and 
(4) low platelet count. Two additional patients were partially 
anticoagulated: one of them was on low-dose heparin but no 
appropriate laboratory values had been obtained; the other 
had abnormal coagulation parameters but was not on heparin 
or Coumadin. One patient was not anticoagulated (normal 
laboratory values, no anticoagulant therapy). 

Of the 10 patients, one had been on steroid therapy for 
years for polymyalgia rheumatica. 

Chest radiographs revealed pertinent abnormalities in nine 
of the 10 patients after placement of balloon-tipped, flow- 
directed pulmonary artery catheters. The tenth patient, who 
developed massive hemoptysis and died acutely of pulmonary 
artery rupture, had only an immediate postcatheterization 
chest film, which was normal. In three patients, a well-defined 
pulmonary nodule or mass developed early after catheteriza- 
tion adjacent to the position of the pulmonary artery catheter 
tip (Fig- 1). In each case, the nodule or mass was persistent, 
lasting at least 2~5 weeks, and either remained constant or 
increased in size. In six patients, the initial abnormality was a 
focal, dense area of parenchymal consolidation adjacent to 
the catheter tip (Fig. 2). This appearance was persistent in 
two of the six, and evolved into a well-defined nodule or mass 
in the other four. In one of these patients, a 6-cm mass noted 
on early films became cavitated over the course of 4 weeks. 

Abnormalities associated with pulmonary artery catheter- 
ization but not directly related to false aneurysm included 
pneumothorax, catheter kinking, and catheter coiling in the 
right ventricle (one patient each). 

One patient with profuse hemoptysis and a persistant right 
lower lobe nodule (Fig. 3A) underwent pulmonary angiography 
for confirmation of the diagnosis of PAFA. Selective injection 
of the right descending pulmonary artery showed a 2-cm false 
aneurysm of the anterior basal segment of the right lower 
lobe (Fig. 3B), which was subsequently embolized with two 
5-mm Gianturco-Anderson-Waillace coils and 20 pledgets (2 
x 2 X 3mm) of Gelfoam. Repeat injection confirmed appro- 
priate placement of the coils, one within the neck of the PAFA 
and the second at the bifurcation of the anterior and lateral 
basal segments (Fig. 3C). The patient was discharged in good 
health, and chest radiographs obtained 14 months later 
showed resolution of the nodule. 


Discussion 


Despite the major benefits that pulmonary artery catheter- 
ization offers, it is an invasive procedure and carries significant 
risk. Reported major complication rates range from 3% to 
17% [2-4]. The most frequent complications are arrhythmias 
(2, 4-7], occurring in as many as 69% of patients during 
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A B C 


Fig. 1.—Pulmonary artery false aneurysm presenting as mass. 

A, Chest radiograph shows tip of Swan-Ganz catheter positioned peripherally in right lung (short arrows). Faint infiltrate can be seen surrounding 
catheter tip (Jong arrows). Endotracheal tube is malpositioned in right main bronchus. 

B, Several days later, after interval coronary artery bypass graft surgery, an 8-cm mass is seen in same location. This mass persisted for 5 weeks and 
was shownto be a pulmonary artery false aneurysm at autopsy. (Epicardial pacemaker leads and wires are superimposed over mass.) 

C, Lateral film at same time as B again shows large mass. 


Fig. 2.—Pulmonary artery false aneurysm pre- 
senting as consolidation. The patient was cath- 
eterized for management of congestive heart 
failure. 

A, Pulmonary artery catheter tip is distally 
positioned in right descending pulmonary artery 
(ECG lead is superimposed). 

B, 2 days later. Focal area of parenchymal 
consolidation is seen in right lower lobe. Cathe- 
ter tip has been withdrawn. Autopsy revealed 
pulmonary artery false aneurysm. 
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Fig. 3.—Pulmonary angiography and transcatheter embolization of pulmonary artery false aneurysm in patient with recurrent hemoptysis. 

A, Several days after Swan-Ganz catheterization of right descending pulmonary artery, 2-cm nodule (arrows) is noted on chest radiograph. 

B, Selective magnification pulmonary angiogram shows opacification of false aneurysm of anterior basal branch of right descending pulmonary artery. 
C, False aneurysm was embolized with two 5-mm steel coils, one at its neck (arrow) and the other at bifurcation of arteries to anterior and lateral basal 


segments (arrowhead). No further episodes of hemoptysis occurred. 


introduction of the catheter [7]. Other complications associ- 
ated with insertion and use of pulmonary artery catheters 
include pneumothorax [2, 3]; puncture of the carotid or sub- 
Clavian artery [4, 6]; infection [2, 5, 6]; kinking, coiling, and 
knotting of the catheter [2, 8]; cardiac valvular damage [2, 5]; 
central venous thrombosis [3, 5]; endocardial mural throm- 
bosis [9]; pulmonary embolism and infarction [5, 10]; pulmo- 
nary hemorrhage [11-13]; pulmonary artery rupture [6, 14, 
15]; and death [2, 3, 9, 12, 13, 16]. 

A rare complication of pulmonary artery catheterization is 
PAFA [17, 18]. Although false aneurysms are known to occur 
secondary to thoracic trauma [19], tuberculosis, and other 
infections [20], catheter-induced PAFAs have received little 
attention in the literature, and our series of 10 patients rep- 
resents the largest group of cases reported to date. 

In our cases manifested as a nodule or mass, the lesions 
were sharply circumscribed, representing a PAFA equal or 
nearly equal in size to the nodule or mass. In the patients 
who developed consolidation, the margins usually were fairly 
well circumscribed, although some of the borders were typi- 
Cally indistinct. With time, the consolidation in four of the six 
patients evolved into a mass with sharper margins. This 
sequence of appearances is compatible with the development 
of a PAFA with an associated initial traumatic pulmonary 
hemorrhage surrounding it. With resolution of the hemor- 
rhage, only the false aneurysm remained, the margins of 
which were more distinct. 


In each case, the lesion persisted for at least 2 weeks, and 
early enlargement occurred in several patients. Persistence is 
indicative of a stable abnormality and is important in differ- 
entiating a PAFA from pulmonary hemorrhage. The latter 
condition is a more commonly encountered complication of 
pulmonary artery catheterization, but the resulting hazy infil- 
trate [15] on chest radiographs resolves over days, becoming 
smaller and less dense. In contrast, a PAFA remains dense, 
well circumscribed, and unchanged or larger in size over the 
course of several weeks. 

While definitive documentation of PAFA was obtained only 
in the six patients diagnosed by autopsy or pulmonary an- 
giography, the combination of radiographic and clinical find- 
ings in the other four cases provides a strong although not 
absolute basis for arriving at the diagnosis of PAFA. Although 
pulmonary infarction is also a recognized complication of 
pulmonary artery catheters, the initially similar abnormalities 
on chest radiographs are usually less persistent. When the 
diagnosis is in doubt, pulmonary angiography is indicated. 

The timing and method of PAFA presentation in our patients 
deserve comment. Fifty percent of the patients presented 
within 24 hr and 90% within 3 days after introduction of the 
pulmonary artery catheter. Thus, although a heightened 
awareness is prudent in the immediate postcatheterization 
period for this and other complications, the possibility of a 
somewhat delayed presentation exists. Whereas 90% of the 
patients developed chest radiographic abnormalities, in four 


AJR:149, November 1987 


cases (40%) these were preceded by hemoptysis. Five pa- 
tients never developed hemoptysis, and the false aneurysms 
were initially clinically silent. One patient presented first with 
radiographic findings and later developed hemoptysis. These 
data reveal that (1) the initial absence of hemoptysis after 
pulmonary artery catheterization does not preclude the de- 
velopment of a false aneurysm and (2) chest radiographs may 
provide the first clue to the diagnosis. One of the two deaths 
from PAFA rupture occurred weeks after catheter insertion 
and had beem preceded by both radiographic findings and 
several episodes of hemaptysis. With a higher index of sus- 
picion, the diagnosis of PAFA could have been confirmed with 
pulmonary angiography and the patient possibly could have 
been treated by embolization. 

PAFAs are uncommon lesions, but carry a definite although 
unknown risk of hemoptysis, which can be massive and life- 
threatening. As a result, if conservative management of he- 
moptysis is ineffective and the cause is shown not to arise 
from a systemic arterial source, pulmonary angiography is 
indicated, especially in a patient in whom a Swan-Ganz cath- 
eter has been inserted. If a PAFA is shown, it can be treated 
effectively by steel-coil transcatheter embolization with tech- 
niques developed for treatment of pulmonary arteriovenous 
malformations [20, 21]. In our series, one patient with a 
persistent lung nodule and hemoptysis underwent pulmonary 
angiography and coil embolization of a 2-cm PAFA, with 
subsequent resolution of symptoms and the nodule. Had 
other cases been recognized earlier, perhaps this method of 
diagnosis and treatment could have been applied to them as 
well, possibly preventing significant morbidity. To the best of 
our knowledge, no previous cases have been reported in 
which a PAFA secondary to Swan-Ganz-catheter-induced 
trauma has been treated by embolization. 

The cause and pathogenesis of catheter-induced pulmo- 
nary artery rupture or perforation have been the subjects of 
a number of reports [11, 12, 14-16, 22, 23]. The concern 
over this serious complication is justified, as the mortality has 
been quoted to be as high as 53% [15]. Proposed mecha- 
nisms of pulmonary artery trauma include peripheral catheter 
tip position, peripheral balloon inflation, persistent or repeated 
balloon wedging, catheter migration, hyperinflation of the 
balloon, and fiushing the catheter while wedged [10, 11, 14- 
16, 23}. In addition to these etiologic factors, a number of 
conditions have been reported to predispose patients in pul- 
monary artery rupture. Such purported risk factors are pul- 
monary hypertension, anticoagulation, advanced age, cardio- 
pulmonary bypass surgery, and long-term steroid therapy 
[11, 15, 16, 22-25]. 

Since this study was retrospective, catheterization details 
were not available about original catheter tip position; tech- 
nique and frequency of balloon inflation; and wedging, migra- 
tion, and.other catheter manipulations. A peripheral catheter 
tip position (>5 cm beyond the right main pulmonary artery 
bifurcation) was documented on radiographs of four patients, 
but the true frequency of distal catheter advancement is 
unknown and undoubtedly higher. 

All 10 of our patients had pulmonary arterial hypertension, 
and it was moderate to severe in eight. Pulmonary hyperten- 
sion has been thought to ereate a gradient across the inflated 
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balloon while wedged, thus forcing the catheter tip further 
distally into smaller and more fragile arterioles and thereby 
increasing the probability of vascular trauma [11, 24]. Several 
articles have described pulmonary hypertension as a predis- 
posing factor for catheter-induced pulmonary vascular injury 
[11, 15, 16, 24]. Alternatively, pulmonary hypertension may 
be merely a coincident abnormality in these very ill patients 
[13], and experimental evidence in human cadaveric lungs 
suggests that it poses no additional risk of pulmonary artery 
rupture [22]. 

Seven of our 10 patients were fully anticoagulated and two 
others were partially anticoagulated. This is compatible with 
previous reports citing altered coagulation parameters as a 
risk factor for pulmonary artery trauma by Swan-Ganz cath- 
eters [16]. Whereas it is unlikely that anticoagulation actually 
predisposes to pulmonary artery rupture, it may magnify the 
severity of a tear produced by other causes, increasing the 
likelihood of a significant pulmonary hemorrhage or the de- 
velopment of a PAFA. 

An association has been reported between advanced age 
and an increased likelihood of pulmonary artery rupture [15, 
22]. A statistical analysis of experimental pressures required 
to rupture the pulmonary arteries in human cadavers showed 
that age above 60 years increased the risk of rupture [22]. 
Our data are in keeping with these clinical and pathologic 
Studies, as the mean age of our patients was 71 years (range, 
59-88 years). 

Chronic glucocorticoid therapy has been suggested as a 
risk factor for pulmonary artery trauma [25] owing to its 
negative effect on collagen formation, connective tissue 
Strength, and wound healing. Our single case of a patient on 
long-term steroid therapy is insufficient to draw any conclu- 
sions regarding the role of steroids in pulmonary artery injury. 

In summary, PAFAs are a life-threatening complication of 
Swan-Ganz pulmonary artery catheterization with character- 
istic chest radiographic findings that may precede clinical 
manifestations. In the appropriate clinical setting, the radiol- 
ogist should recognize these findings, raise the possibility of 
a PAFA, and recommend both pulmonary angiography to 
confirm the diagnosis and transcatheter embolization as a 
method of treatment. 
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Mammogram Interpretation by 
Physician Assistants 





The objective of this study was to determine whether a health maintenance organi- 
zation (HMO) desirous of providing low-cost, quality mammography could employ phy- 
sician assistants (PAs) to interpret mammograms under the supervision of HMO radiol- 
ogists. After intensive training in mammographic interpretation, four PAs individually 
interpreted 727 mammograms of 470 normal breasts, 75 breasts with benign breast 
masses, and 182 breasts with cancer. The interpretations by the PAs were more sensitive 
and as specific as those made by six HMO radiologists who interpreted the same cases, 
and as effective as those by radiologists described in the literature. In receiver- 
operating-characteristic curve analysis, the areas under curves for PAs were larger than 
those under curves for radiologists. Interpretations by PAs took less time and cost less 
than did those by radiologists; the dispositions recommended by PAs were similar to 
those recommended by radiologists. 

We conclude that properly trained, evaluated, and supervised PAs can interpret 
mammograms. Legal, practical, and ethical considerations dictate that this can best be 
accomplished under the direction of radiologists who are well trained in mammography. 


Because of the efficacy of breast-cancer screening in reducing mortality, the 
American Cancer Society and the American College of Radiology have recom- 
mended a regimen of regular breast cancer screening, including mammography, 
for women past the age of 35 years. The National Cancer Institute hopes to 
increase compliance with these recommendations from the current estimated 5- 
15% to at least 50% by the year 2000. However, problems of expense and 
personnel must be resolved to make screening mammography available to all 
women. 

Even at the lowest current charges, breast-cancer screening is an expensive 
screening measure. Mass breast-cancer screening almost certainly will increase 
health-care expenditures [1]. Moreover, it will be necessary to train and mobilize 
personnel to interpret the increasing number of mammograms that general popu- 
lation screening implies [2]. Hall [2-4] and Wertheimer et al. [5] have suggested 
that physician assistants (PAs) initially interpreting screening mammograms would 
mollify the cited problems of expense and personnel. In response to the request of 
a health maintenance organization (HMO) (CIGNA Healthplan of Arizona, Phoenix, 
AZ), which wanted to initiate low-cost general breast-cancer screening for its 
55,000 age-eligible women, we started investigation of this problem by assessing 
whether PAs could be trained to interpret mammograms under the guidance of the 
HMO's radiologists. 


Materials and Methods 
Case Material 


Four hundred selected cases, representing mammograms of 727 breasts, provided the 
case material. All mammograms were exposed using grids and film-screen technique on 
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dedicated mammographic units during the period 1981-1986 (1981~- 
1985, CGR Senograph; 1985-1986, Siemens Mammomat B). Four 
hundred seventy of the mammograms were normal, on the basis of 
no evident masses and an unchanged mammographic appearance 
for at least 3 consecutive years. The remainder of the cases were 
selected from pathology reports. Seventy-five cases represented 
negative biopsies of masses or suspicious foci seen on mammo- 
graphy. There were 182 malignancies, representing all of the cases 
for which there was a mammogram exposed within 3 months prior 
to either a positive biopsy or surgical specimen resection during the 
6-year selection period. For 33 tumors (18%), only secondary signs 
of malignancy were present. Of the 149 tumor masses, 43 (29%) 
were 0.1-1.0 cm, 51 (34%) were 1.1-2.0 cm, 28 (19%) were 2.1- 
3.0 cm, and 27 (18%) were larger than 3 cm in their greatest diameter. 
Readers were unaware of the prevalence of positive and negative 
mammograms. 


Experimental Readers and Interpretation Setting 


Six CIGNA radiologists and four PAs individually interpreted the 
mammograms retrospectively as “first mammogram” cases (no com- 
parison mammograms available), during a 1-week period when they 
were freed from their usual clinical responsibilities. 

The six radiologists interpreted mammograms as part of their usual 
clinical responsibilities. None was a “specialist” in mammography. 
The radiologists ranged in age from 35 to 55 years (average age, 44 
years) and had finished their formal radiology training from 1 to 20 
years previously (mean, 10.7 years). Five of the six radiologists had 
attended at least one continuing-medical-education refresher course 
on mammography within the past 2 years. No additional training was 
given the radiologists before the study. 

The PAs were selected on the basis of availability to assume long- 
term responsibilities in the proposed HMO breast-cancer screening 
program. Before the study, they underwent 5 weeks of training in 
breast-cancer screening and mammogram interpretation. These PAs 
spent 22 weeks with two University-based mammography special- 
ists. Their training included didactic lectures; experience in directed 
history-taking, breast examination, and patient instruction in breast 
self-examination; and individualized instruction in mammogram inter- 
pretation. They were responsible for reading mammography texts 
and selected journal publications, and they viewed audiovisual pro- 
grams on mammography produced by the Radiological Society of 
North America and the American College of Radiology. The remainder 
of the training for the PAs was the responsibility of an HMO radiologist 
(not an experimental reader), who tutored the PAs for 2 hr daily in 
practical mammogram interpretation. 

For each breast, the readers individually decided whether cancer 
was present, indicating their degree of certainty as 1 = definitely not 
cancer; 2 = probably not cancer; 3 = possibly not cancer, 4 = 
possibly cancer, 5 = probably cancer; 6 = definitely cancer. (There 
were 727 interpretations per reader.) They also designated the most 
appropriate disposition for the patient: a = return to routine screening; 
b = repeat examination in 6 months; c = repeat examination in 3 
months; d = sonogram/aspiration; e = biopsy; f = uninterpretable 
mammogram—repeat. (There were 400 cases per reader.) For each 
case, PAs were asked whether they desired a consultation with a 
radiologist. All readers recorded the time they began and concluded 
each interpretation session and the amount of “break” time during 
the session; from that data we calculated the time required to interpret 
the cases. 


Analysis 


The analysis was designed to test (1) the diagnostic efficacy of 
interpreting mammograms, (2) the readers’ effectiveness in determin- 
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ing proper dispositions of patients, and (3) the direct costs accrued 
in reading the experimental cases. The decisions of each reader 
regarding whether breast cancer was mammographically present 
were combined to determine sensitivity (true-positive rate) and spec- 
ificity (true-negative rate) for interpretations. Degree of certainty and 
correctness of decisions were used to develop receiver-operating- 
characteristic (ROC) curves. and the areas under the curves were 
determined. We calculated the mean and standard error of these 
three metrics for radiologists and physician assistants, then we tested 
for differences between the performances of the two groups using 
the Mann-Whitney U test. The choice of this nonparametric statistic 
was necessitated by the considerable inhomogeneity of variances 
among the radiologists for sensitivity and ROC-curve area. Also 
included are 96% nonparametric confidence intervals for the differ- 
ences between PAs and radiologists for those comparisons with 
differences that were not statistically significant (all differences were 
calculated as [PA score — radiologist score}). 

Sensitivity, specificity, and ROC analyses similarly were applied to 
evaluating performances of the PAs when radiologists’ responses 
replaced responses by PAs for cases in which consultation had been 
requested. Because of the considerable variance in the radiologists’ 
results and the treatment implications, only the interpretations of the 
three radiologists achieving the highest sensitivities were used for 
this purpose. These radiologists’ interpretations were sequentially 
inserted in rotation to replace the diagnoses by PAs. To maintain 
consistency in our analysis, we used a paired nonparametric test (a 
Wilcoxon rank sum analysis) to evaluate differences in sensitivity, 
specificity, and ROC-curve areas between PAs working without and 
with radiologists’ consultation. The dispositions of patients recom- 
mended by the PAs and radiologists were tested for differences in 
each category of response by the Mann-Whitney U test. Again, 96% 
nonparametric confidence intervals have been stated for all nonsig- 
nificant results. 

We performed analyses comparing the direct costs attributable to 
having the PAs interpret the experimental cases vs those accrued by 
the radiologists. Because the data are unavailable, these analyses do 
not attempt to incorporate tne differing costs of training for the two 
groups of readers, nor differing overhead and logistic costs that might 
be incurred by radiologists and PAs interpreting mammograms in a 
real-life screening program. Direct costs were evaluated in two ways. 
(1) Each reader's salary and the time required to interpret the case 
material were used to determine the time-salary interpretation cost 
per case. (2) Expected 1-year follow-up costs, based on charges for 
the individual reader's suggested dispositions, were calculated by 
assigning to recommended cispositions costs based on local charges 
(routine return per recommended screening regimen or repeat mam- 
mogram for poor imaging technique = $0; repeat mammogram in 3 
or 6 months = $75; sonogram and aspiration of a mass = $242: 
biopsy = $965). Individual reader's expected 1-year follow-on costs 
per case were based on the reader’s suggested dispositions for each 
case and the presumption that a recommended 3- or 6-month follow- 
up mammogram or breast sonogram/aspiration on a positive case 
wouid result in biopsy within the year. Differences between radiolo- 
gists and PAs, and between PAs working without and with radiolo- 
gists’ consultation, were evaluated in the same manner as described 
above for reader performance. 


Results 


Table 1 details the results of the mammogram interpreta- 
tions of individual radiologists and PAs. Combined, the four 
PAs achieved a mean sensitivity of 0.78 in detecting breast 
cancer. This was significantly higher than the mean sensitivity 
of the radiologists, which was 0.61 (U = 2.0, W = 32.0; p < 
.04). Specificity of interpretation was not different for the two 
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TABLE 1: Sensitivity, Specificity, and ROC Areas of Readers’ Interpretations 


MAMMOGRAM INTERPRETATION 














’ PAs Without , À 
siii Radiologists Conauitstion PAs With Consultation 
Number 

Sens. Spec. jp Sens. Spec. peor Sens. Spec. fe 
1 0.74 0.89 0.871 
2 0.52 0.95 0.841 
3 0.71 0.92 0.861 
4 0.75 0.85 0.880 
5 0.56 0.93 0.822 
6 0.36 0.96 0.757 
7 0.79 0.87 0.896 0.78 0.89 0.895 
8 0.73 0.93 0.903 0.75 0.92 0.891 
9 0.78 0.92 0.902 0.79 0.93 0.907 
10 0.81 0.93 0.891 0.76 0.95 0.877 
Mean 0.61 0.92 0.835 0.78 0.91 0.896 0.77 0.92 0.891 
SE 0.06 0.02 0.018 0.02 0.01 0.003 0.02 0.01 0.003 


Note.—ROC = receiver operating characteristic: PA = physician assistant; Sens. = sensitivity; Spec. = specificity; 
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SE = standard error. 


True-Positive Rate 


0.4 0.6 
False-Positive Rate 


0.8 


Fig. 1—Receiver-operating-characteristic (ROC) curves for groups’ 
combined data. Closed squares = all radiologists; circles = the three 
radiologists whose interpretations had the highest sensitivity ratings; tri- 
angles = physician assistants interpreting mammograms without consul- 
tation; open squares = physician assistants interpreting mammograms 
with consultation. 


groups: 0.91 for the PAs and 0.92 for the radiologists (96% 
confidenee interval for differences = —0.06 to 0.04). 

The four PAs requested a radiologist’s consultation for 49, 
61, 92. and 111 of the 400 cases, respectively. When inter- 
pretations of the three radiologists whose interpretations had 
the highest sensitivity ratings were substituted for interpre- 
tations by PAs for cases in which consultation was requested, 
the combined sensitivity ef the PAs was 0.77 and the speci- 
ficity was 0.92. This is not different from the result of PAs 
interpreting mammograms when consultation was not re- 
quested. 

The areas under the ROC curves for the PAs with and 
without consultation were the same (Fig. 1). The areas under 
the curves for the PAs differed from those under the curve 
for the radiologists (U = 0.0, W = 34.0; p < .01). There was 
not a certainty level for which substituting radiologists’ diag- 
noses improved the performances of the PAs. 

Table 2 presents the mean interpretation time and time- 
salary casts per case for radiologists, PAs interpreting ma- 


TABLE 2: Mean per-Case Interpretation Time, Time-Salary 
Cost, and 1-Year Follow-up Costs 
ee 














Time per Time-Salary Follow-up 
Gase ($) Costs ($) 
(Min) 
Radiologists 
Mean 3.90 2.46 379 
SE 0.75 0.43 21 
PAs Without Consultation 
Mean 2.46 0.62 410 
SE 0.16 0.03 8 
PAs With Consultation 
Mean 3.54 T29 395 
SE 0.09 0.09 9 


pE 
Note.—SE = standard error; PA = physician assistant. 


mograms alone, and PAs consulting with radiologists. The 
mean times to interpret each case did not significantly differ 
between PAs and radiologists; these were 2.46 and 3.90 min, 
respectively (96% confidence interval for differences = —3.30 
to 1.02 min). The mean time-salary cost per case for the PAs 
working alone is approximately one-half the cost of PAs using 
consultation (z = —1.826; p < .07), and one-fourth that of the 
radiologists (U = 0.0, W = 10.0; p < .01). 

Finally, the 1-year follow-up costs expected as a result of 
the readers’ suggested dispositions of patients are also 
shown in Table 2. The pattern of dispositions of patients by. 
PAs was not significantly different from the pattern of dispo- 
sitions by the radiologists. By percentage of cases recom- 
mended for each category of disposition, PAs recommended 
routine follow-up for 34% of the cases vs 31% by radiologists 
(96% confidence intervals for differences = —9.7% to 13.2%); 
repeat mammogram in 3 months, PAs 14% vs radiologists 
17% (—13.5% to 8.0%); repeat mammogram in 6 months, 
PAs 4% vs radiologists 3% (—2.0% to 3.0%); sonogram/ 
aspiration, PAs 10% vs radiologists 14% (—10.8% to 3%); 
biopsy, PAs 33% vs radiologists 32% (—5.8% to 6.5%); and 
nondiagnostic—repeat, PAs 5% vs radiologists 4% (—5.5% 
to 5.5%). 
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Discussion 


HMOs currently are developing preventive health-care pro- 
grams to attract patients and improve the health of their 
enrollees. The high prevalence and seriousness of breast 
cancer and its curability with early discovery make breast- 
cancer screening a prominent candidate for inclusion in an 
HMO's programs. Recent American Cancer Society cam- 
paigns promoting breast-cancer screening further support the 
marketing potential for initiating general screening. However, 
contrary to the situation of fee-for-service providers, for whom 
breast-cancer screening might prove quite remunerative, 
HMOs must include this service among their benefits or add 
only a small copayment if they are to be successful in attract- 
ing patients to the service and maintaining their price com- 
petitiveness. For this reason, HMOs that want to start pro- 
grams for general breast-cancer screening will have to dis- 
cover means to reduce their screening costs. 

One important way in which HMOs have reduced preven- 
tive health-care costs is by greater utilization of physician 
extenders——nurse practitioners, physician assistants, and 
paramedics——-who can provide some of these services at a 
fraction of physicians’ costs. This study suggests that appro- 
priately trained PAs can interpret mammograms. The results 
further suggest that performance by properly trained PAs in 
this role will result in a high level of diagnostic efficacy, 
appropriate disposition of patients, and follow-up care at 
lower direct costs. However, our cost analysis does not 
include consideration of how important variables such as 
training, overhead, and logistic costs might differ for PAs and 
radiologists. 

Two issues present themselves in considering the imple- 
mentation of this study's results. First, the study represents 
a test situation, rather than on-line reading. It is conceivable 
that a test situation could have led to results that would not 
be sustained in practice. Second, the case population is 
heavily skewed in favor of cancer-depicting mammograms, 
and therefore the study did not evaluate the performance of 
the PAs in a true screening situation. There were 182 cancers 
(25%) among the 727 breasts that each reader reviewed, 
which is much higher than the natural frequency for breast 
cancer. For a controlled evaluation to reach statistical signifi- 
cance with a natural frequency for almost any condition— 
even for a fairly common condition such as breast cancer— 
the experimental readers necessarily would have to read 
many thousands of cases. A study of this magnitude is difficult 
to perform, but is necessary before there is definitive evidence 
that PAs can identify small cancers in asymptomatic women. 
The fact that readers were not told of the distribution of 
positive and negative cases somewhat ameliorates the sam- 
pling bias and should have promoted their reading each 
mammogram as an individual case. 

Is the result generalizable? The mammogram interpreta- 
tions by the PAs were as sensitive and specific as those by 
the HMO’s radiologists. Information is not available concern- 
ing whether the HMO’s radiologists are representative of 
other U.S. radiologists. However, it is most germane that the 
performance of the PAs was comparable with the accuracies 
of mammography interpretations by general radiologists that 
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are described in the literature [6-13]. Interpretations by radi- 
ologists who specialize in mammography are more sensitive 
in detecting malignancies [14], but there are too few of these 
specialists to make general breast-cancer screening a reality. 
While it is possible to argue that the PAs participating in the 
Study are unique individuals, their selection by availability and 
the uniformity of their performance militates against this ex- 
planation. Regardless, it is not important whether all PAs 
might be able to interpret mammograms effectively. Rather, 
it is necessary that there be an effective mechanism for 
differentiating those PAs who can from those who cannot. 

The most likely reasons for the high efficacy of the mam- 
mogram interpretations by the PAs in this study are motivation 
and training. The PAs recognized the uniqueness and signifi- 
cance of their training, not only for the well-being of their 
prospective patients, but with regard to the likely success of 
their own careers. Perhaps even more importantly, the training 
of the PAs was intensive and individualized. Their progress 
was monitored subjectively by their instructors so that it was 
evident what level of expertise each was attaining. The differ- 
ences in performances between the HMO’s PAs and some of 
the radiologists are almost certainly reflective of differences 
in their training. Additional focused instruction for the radiol- 
ogists might have improved their performance. However, our 
experiment was designed to compare interpretations by PAs 
with the current standard. The high variability among the 
HMO's radiologists’ performances is a reprise of the variability 
shown in other evaluations of radiologists’ accuracy in inter- 
preting mammograms. The results indicate uneven and often 
insufficient mammography training for radiologists that is not 
offset by practice experiences [6]. 

Some radiologists may feel threatened by PAs interpreting 
mammograms. Radiologists might fear that this will lead to 
loss of income or that PAs also might learn to interpret other 
imaging studies. However, rather than decreasing physician 
income, the employment of PAs to interpret mammograms 
may actually increase income, much as technologists reading 
Pap smears has for pathologists. Good medical practice, as 
well as legal and liability constraints, require that PAs interpret 
mammograms under the direction of radiologists. Moreover, 
because of the expense and potential morbidity associated 
with breast biopsy, PA consultation with a radiologist is 
mandatory before any biopsy is recommended on the basis 
of a Screening mammogram. Indeed, the Arizona Joint Board 
of Medical Examiners recently has authorized the four PAs 
cited in this investigation to interpret mammograms with the 
following provisos: (1) the PAs must work under the supervi- 
sion of the HMO's radiology department; (2) all cases that are 
interpreted as positive, or about which the PA is uncertain, 
must be referred to a radiologist for interpretation before 
further evaluation; (3) no less than 5% of each month's cases 
must be randomly selected for overreading by radiologists as 
a continuing quality control. The HMO plans to implement 
these procedures in 1987. 
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Commentary 





Use of Physician Assistants to Interpret Mammograms 


Ferris M. Hall’ 


The preceding article by Hillman et al. [1] shows that highly 
trained and motivated physician assistants (PAs) can interpret 
mammograms as accurately as general radiologists can, and 
in some instances PAs are even more accurate. | suspect 
that these findings will not be surprising to most readers [2]. 
However, the careful documentation provided by these au- 
thors is important. | believe that, in mammographic interpre- 
tation, the work of PAs must be shown to be not only cost- 
effective but also qualitatively comparable with that of physi- 
cians. 

Do the findings of Hillman et al. indicate that PAs can 
effectively interpret mammograms in a screening situation in 
which there is a low prevalence of carcinoma and only minimal 
or indirect signs of malignancy? Only after this second and 
more important issue has been resolved can radiologists 
safely relegate the interpretation of mammograms to PAs. As 
mentioned by the authors, a larger study under different test 
Situations “is necessary before there is definitive evidence 
that PAs can identify small cancers in asymptomatic women.” 
Today's medicolegal climate makes such evidence particularly 
important for screening mammography. Present guidelines 
require that almost 50% of adult women undergo screening 
mammography each year; as these guidelines are imple- 
mented, many women who develop breast cancer will have 
had a “normal” mammogram within the previous year. The 
retrospective recognition of an abnormality in many of these 
examinations is inevitable. 

The pressures of medical cost-containment probably will 
result in increased use of PAs in radiology, as they have in 
other specialities. One example is the ultrasound technician 
who commonly performs and interprets examinations that 
sometimes are reviewed only cursorily by the supervising 
radioiogist. In some departments technicians perform arthrog- 
raphy, venography, and barium examinations. In most of 


these instances, the examination is seen by the radiologist 
either while it is in progress or after it is completed. However, 
the optimal use of PAs in screening mammography requires 
that the radiologist see only those few examinations in which 
the PA suspects an abnormality. 

In discussing radiologic cost-containment one might men- 
tion the administration's budget now before Congress. 
Among its provisions is one that would reimburse “hospital- 
based” physicians, including radiologists, as part of a single 
hospital payment based on diagnosis-related groups. This 
elimination of fee-for-service reimbursement would create an 
economic incentive on the part of all parties (with the notable 
exception of the patient) to limit the performance and the 
reporting of imaging examinations. As the financial squeeze 
becomes greater, radiologists may no longer report or even 
look at “low-yield” hospital studies, such as fracture follow- 
ups and imaging studies performed in intensive care units. 
This has long been the case in many countries with more 
socialized but equally sophisticated medical practice. Indeed, 
it is probable that, even in the United States, most fracture 
follow-ups, and possibly most chest radiographs, are per- 
formed in private offices with no formal report by either a 
radiologist or nonradiologist. 

Unfortunately, diagnostic imaging is particularly vulnerable 
to turf encroachment, and only by maintaining high standards, 
both for ourselves and for those we supervise, can radiology 
continue to play the major role in medical care that we 
presently enjoy. With this in mind, Dr. Hillman and his asso- 
ciates are to be commended for their study. 
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Evaluation of Radiation Dose, 
Focal Spot, and Automatic 
Exposure of Newer Film-Screen 
Mammography Units 





Fifteen recently introduced mammographic units representing eight different models 
and manufacturers were evaluated to see whether the equipment performance equaled 
claims made by the manufacturers. Focal-spot size was measured by pinhole and slit 
methods. Eight automatic exposure control systems on five models were tested by 
measuring the optical density produced by imaging at 28 and 30 kVp, with and without 
a grid and with test objects of varying thicknesses of BR12 epoxy material. Comparable 
mean glandular dose for a 4-cm-thick BR12 test object was measured for 13 of the units 
under manual or automatic exposures. Nominal focal-spot size was larger than stated 
for six of the 15 large focal spots and for seven of the 12 microfocal spots. Comparable 
doses under automatic exposure control varied more than 100% between units from 
different manufacturers, while the doses of units from the same manufacturer varied 
less than 20%. Automatic exposure control systems were operational in eight of the 15 
units, but four of these eight were found to be out of calibration. 

There are considerable performance variations that need to be evaluated before 
acceptance and use of new mammographic equipment. 


During the past several years, mammographic units have been introduced by 
manufacturers who have not previously manufactured radiographic equipment. 
Concurrently, most of the major producers of mammographic equipment have 
issued new models incorporating design changes that include X-ray tube biasing 
and angle adjustments, solid-state automatic exposure meters, increased source- 
to-image distances (SIDs), changes in film-plane alignment in relation to the central 
X-ray beam, and the addition of microfocal spots. 

This study was performed to investigate (1) the size and shape of the focal spot, 
(2) the accuracy of the automatic exposure meters, and (3) the comparable mean 
glandular doses. 


Materials and Methods 


Fifteen mammographic units representing eight different models and manufacturers were 
tested on site at mammographic facilities throughout Southern California over a 9-month 
period. As identical mammographic units can have individual X-ray generator anomalies, we 
sometimes tested two or more units from the same manufacturer to determine dosage 
variations. Four units did not have automatic exposure meters and three other units had 
automatic exposure meters that had been found to be unreliable prior to this study; these 
units were excluded from this survey. Table 1 presents the manufacturer’s specifications for 
each model tested. To obtain focal-spot measurements, a tungsten disk containing a pinhole 
or slit was aligned with the beam perpendicular to the film plane, even when testing units 
with angled X-ray tubes. Focal-spot measurements consisted of (1) fitting the camera securely 
to the tube housing, (2) finding the central beam [1] (or the beam that was perpendicular to 
the film plane), (3) exposing a film-screen combination to the pinhole to verify that the pinhole 
was aligned with the central beam and to measure magnification, and (4) making repeated 
exposures at 30 kVp on dental film until an optical density between 1.2 and 1.4 was reached. 
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TABLE 1: Mammographic Units Tested and Their Specifications 


Stated Generator 





No. SID AEC | Maximum Tube 
Unit Focal-Spot (No. of a b 
a Sizes iim (TYPE Phases MAS" Ange 
Philips Diagnost U, Shelton, CT 2 0.5/0.2 60 lon 3 160/80 0-12° 
Thomson CGR 500T, Columbia, MD 2 0.3/0.1 65 PM 3 800/200 12/7.5° 
Eiscint Mam L S 3, Boston, MA®° 3 0.45/0.09 445-60 Not used 1 60/40 0° 
Ausonics Alpha |, Milwaukee, WI 2 0.5/0.2° 60 PM 1 300/100 10° 
0.6/0.3 
Siemens Mammomat B, Erlangen, W. Germany 3 0.4/0.2 60 SS 3 300/100 0° 
Bennett M 300 DCF, Copiague, NY 1 0.6/0.3 76 SS 1 900/450 0° 
Xerox 115, Pasadena, CA 1 0.5/0.2 66 SS 3 340/300 6° 
Lo Rad M Il, Danbury, CT 1 0.4/0.1 50 SS 1 200/60 0° 


Note.—-AEC = automatic exposure control system: lon (ionization chamber), PM (photomultiplier tube), SS (solid-state sensor). SID = source (focal spot) to 


image receptor distance. 
* At 28 kVp, large focal spot/smail focal spot. 


* Because the tube angle is tipped, the manufacturers do not measure the focal spot near the chest wall, but at an angle to the film plane, near the nipple. 
“Tungsten anode, molybdenum (Mo) filter, Stationary mode. All other tubes are Mo anode, Mo filter, rotating anodes. 


“ Two tubes were tested, a Toshiba and Eimac M 131. 


The most recent National Equipment Manufacturers’ Association 
(NEMA) standards for focal-spot measurements require 3x magnifi- 
cation for focal spots with a diameter less than 1 mm [2]. This 
requirement cannot be met for focal spots already installed in clinical 
units because the distance of the film holder to the focal spot prevents 
magnification of more than 1.5 to 2x. Also, the increased magnifica- 
tion requires increased photo flux, placing an additional strain on the 
X-ray tube. Each focal spot, therefore, was magnified only to the 
extent present at the film plane and subsequently was magnified 
optically for measurement. As focal-spot imaging with low kilovoltage 
puts an additional strain on the tube, we used 30 kVp for all focal- 
spot measurements rather than the 23-28 kVp used for most mam- 
mograms. 

The haif-value layer of aluminum, which reduces the beam intensity 
by 50%, was measured with 1100-grade aluminum placed near the 
exit port of the tube housing. An ionization chamber accurate to 15 
keV was placed at least 10 cm above the film holder and 10 cm 
below the compression paddle. 

The automatic exposure control system was tested by imaging a 
BR12 [3] test object that was 3, 4, or 5 cm thick and 12 cm in 
diameter on a Min R screen/OM film combination. Exposures were 
made both with grid and without grid at 28 and 30 kVp. If the 
automatic exposure control system could not produce exposures 
within 0.6 optical densities of each other in the range of 0.55-1.15 
optical densities when measured near the cathode end of the film, 
manual techniques were established to produce images in that range. 
Once the proper operation of the automatic exposure contro! system 
was verified or manual techniques were established, the Victoreen 
660 ionization chamber was placed over the BR12 test object so that 
it covered the automatic exposure device and exposure measure- 
ments were made. The method used for dosimetry in this study was 
designed to permit dose comparisons between units and was not 
meant to represent dose measurements that could be compared with 
thermolucent dosimeter (TLD) measurements in patients. For the two 
units for which TLD measurements were available, our method gave 
exposures twice as large as TLD skin exposures in patients with 
compressed breast thickness of 4-5 cm. 


Results 


The focal-spot measurements reported in Table 2 do not 
begin to reflect the wide variety of shapes generally available 


through biasing and innovative methods of cathode construc- 
tion. The Elscint cathode, consisting of a cup heated by a 
filament and focused electromagnetically, is circular with a 
peak intensity at the periphery (Fig. 1). The Xerox 115 film- 
screen unit uses an Eimac molybdenum X-ray tube with a 
focal spot that produces a more conventional double-peaked 
intensity (Fig. 2). The amount of biasing applied to the elec- 
trons traveling from cathode to anode affects the size and 
shape of the focal spot. Philips transforms its large focal spot 
(0.5 mm nominal) to a microfocal spot (0.3 mm nominal) by 
biasing alone. Faulty biasing, however, may cause the large 
focal spot to elongate and become more like a two-pronged 
focal spot (Fig. 3). 

The optical densities resulting from the automatic exposure 
control systems are reported in Table 3. Elscint units that 
were tested either did not have an automatic exposure device 
or, as with the third unit tested, it was not used because it 
had been found to expose film inconsistently. The Bennett 
unit did not have an automatic exposure device. The Thomson 
CGR, Xerox, and Ausonics units allowed 10-20% variations 
in exposure with several plus and minus settings. The first 
Ausonics and the Lo-Rad units tested had automatic expo- 
sure control systems that were in the process of being 
adjusted and so were not included in this study. The two 
units with photomultiplier exposure control sensors had to be 
adjusted for different breast thicknesses to achieve uniform 
exposure [4]. The units with ionization chambers, which 
initially failed the automatic exposure tests, were later cor- 
rectly recalibrated by a service engineer. However, for breast 
thicknesses of 5 cm or greater, the ion-chamber sensors 
could not compensate for the increased beam hardening 
through the breast and, as these sensors are energy-depend- 
ent, exposures were terminated too soon. The solid-state 
sensors, because they are programmabie, proved to be the 
most reliable over the range of parameters tested. 

Mean glandular doses were computed from skin exposure 
values by multiplying by weighting factors of 0.175-0.265, 
depending on half-value layer and breast thickness [5]. They 
are reported in Table 4. Variations for the Xerox unit were the 
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TABLE 2: Focal Spot-Size Variations among Mammographic Units 


aa, 


Size of Large Focal Spot (mm) 


Size of Small Focal Spot (mm) 











Manufacturer: 
Unit No. Stated Measured Nominal Stated Measured Nominal ai a 

Philips: 

1 0.5 06 x 0.5? 0.4 0.3 0.455 x 0.23? 0.3 2.2 

2 05 0.82 x 0.5 0.4 0.3 0.32 x0.16 0.2 D2 
CGR: 

1. 0.3 0.62 x 0.25 0.3 0.1 0.24 x 0.09 0.1 1.5 

2 0.3 0.71 x 0.28 0.4 0.1 0.25 x0.19 0.15 1.4 
Elscint: 

1 0.45 0.76 x 0.76 0.5 0.09 0.21 x 0.206 0.15 2.75 

2 0.45 0:72 X 0.7 0.5 0.09 0.245 x 0.23 0.2 2.65 

3 0.45 1.0 x 0.83 0.6 NA NA NA NA 
Ausonics: 

r 0.6 too x 0:54 0.6 0.3 0.66 x 0.54 0.4 1.65 

2 0.5 1.0 x 0.67 0.5 0.2 0.67 x 0.28 0.3 1.8 
Siemens: 

1 0.4 1.25 x 0.5 0.6 NA NA NA 0.8 

2 0.4 1.1 x06 0.5 NA NA NA 0.9 

<y 0.4 0.45 x 0.42 0.3 0.2 0.21 x0.15 0.15 1.0 
Lo Rad 0.4 0.85 x 0.4 0.4 0.1 0.18 X 0:175 0:15 0.9 
Bennett 0.6 0.89 x 0.78 0.5 0.3 0.52 x 0.44 0.3 1o95 
Xerox? 0.5 0.8 x 0.64 0.4 0.2 0.34 x0.19 0.25 1.25 


aD 
Note.—“Stated” sizes are those listed by manufacturers, and “nominal” sizes are derived from the NEMA tolerance 
limits for the measured values that were obtained in this study. NA = not available; Enig. = enlargement. 
@ The first dimension is parallel to the anode-cathode direction; the second dimension is perpendicular to the anode- 


cathode airection. 


> Manufacturer measures focal spot at angle to film plane. 


€ Improved tube from previous measurements. 





Fig. 1.—Elscint focal spot pro- 
duced by cup-shaped cathode. 
Measured siz: 1.0 x 0.83 mm at 
2.65 magnification. 


Fig. 2.—Conventional double-fila- 
ment focal spot produced by Eimac 
tube. Measured size: 0.89 x 0.78 mm 
at 1.35x magnification. 


result of changing the automatic exposure device program 
and using different film-screen cassettes. The Xerox unit was 
computer-controlled, and software changes also accounted 
for some of the exposure’variations. Compared with the dose 
obtained with a new cassette, the dose increased 32% when 
a 3-year-ole cassette was tested. The exposures of the Philips 
unit varied 40% over a 9-month period. 

Doses of units from different manufacturers varied by more 
than 100%. while the doses of units from the same manufac- 
turer variec less than 20%. Dose variations from the same 





A B 


Fig. 3.—A, Correctly biased Philips focal spot. Measured size: 
0.6 x 0.5 mm at 2.2x magnification. 

B, Less biasing allows intensity of focal spot to elongate into two peaks. 
Measured size: 0.82 x 0.5 mm at 2.2x magnification. 


manufacturers were mainly dependent on automatic exposure 
differences. The dosage variations between manufacturers 
did not seem to be correlated with single-phase vs three- 
phase generators, or with varying half-value layers. 


Discussion 


Focal-spot measurements of recently manufactured equip- 
ment vary widely among manufacturers and differ widely from 
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TABLE 3: Automatic-Exposure Optical Densities 
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Manufacturer: 28 kVp 30 kVp 
Unit No. 3 cm 4 cm 5 cm 3 cm 4 cm 5 cm 
With grid: 
Philips 
1 1.09 0.75 0.60 1.9 1.5 i 
2 1.40 1.23 0.80 NA NA NA 
CGR: 
1 0.6 0.45 0.35 0.98 0.71 0.5 
2 1.30 1.00 0.67 NA NA NA 
Ausonics 1.15 0.83 Time out 0.53 0.44 0.5 
Siemens: 
1 1.05 0.96 0.83 NA NA NA 
2 0.92 0.96 0.77 NA NA NA 
Xerox 0.93 0.72 0.59 0.85 0.63 0.54 
No grid: 
Philips 1.6 1.34 1.1 2.2 1.9 1.6 
CGR 1.5 1.1 0.8 1.65 1.25 0.92 
Ausonics 0.76 0.48 Time out 0.65 0.35 0.34 
Xerox 1.39 1.35 1.12 LS liz 1.01 


Note.—The Thomson CGR unit was set at 0, the Ausonics unit at —2, and the Xerox unit at 0 for these tests. The 
Xerox unit should have been set at —1 when the grid was removed, but variations in the exposure device settings 
between exposures was not part of the test procedures. NA = not available. 


TABLE 4: Comparable Mean Glandular Doses (mrad) under Automatic Exposure Control for a 4- 


CM-Thick Compressed Breast 


28 kVp 





30 kVp 








Manufacturer: i ' Half-Value 
Unit No. Grid No Grid Grid No Grid Layer Al 

Philips: 

1 220.0 98.9 199.5 119.5 0.3 

2 255.5 97.5 154.5 ME 0.32 
CGR: 

1 258.7 104.3 222.0 92.4 0.33 

2 223.9 118.2 186.8 98.6 0.5 
Elscint 

: 111.1 NA NA NA 0.25 

2 119.0° 105.0° NA NA 0.35 
Ausonics 185.0 67.0 147.0 37.0 0.34 
Siemens: 

1° 35.9 NA 35.5 NA 0.32 

2 43.4 NA 38.0 NA 0.36 
Lo Rad NA 38.9 NA NA 0.3 
Xerox 451-104° 207.9 300-112° 436.5 0.38 
Bennett 147 NA NA NA 0.43' 


Note.—NA = not available. 

* Under manual technique. 

> 27 kVp. 

© 23 kVp. 

* Grid not removable. 

° Lower dose achieved after service call. 
' Does not have beryllium window. 


the nominal measurements specified for those units. X-ray 
tubes supplied to manufacturers are often incorporated into 
their equipment without any focal-spot measurements, or only 
with tests of star-pattern resolution rather than pinhole or slit- 
size measurements. 

Haus et al. [6] have shown that a sufficient increase in SID 
can reduce geometric unsharpness without the need of a 
very small focal spot, a concept that has been incorporated 


into many new mammographic units that feature SIDs of 60 
cm or more. Large focal spots measured to be between 0.5 
to 0.8 mm are perfectly adequate for SIDs of over 60 cm as 
long as they are not used for magnification imaging. Micro- 
focal spots should measure below 0.4 mm for 1.5x magnifi- 
cation and below 0.25 mm for 2x magnification. These ranges 
are consistent with the resolution of OM/Min R film-screen 
combinations when the films are developed correctly with 
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base-pius-fog under 0.19 optical densities. When selecting a 
mammographic unit, radiologists should realize manufactur- 
ers may state that focal spots are 0.4 mm in size, yet they 
are allowed to deliver, by NEMA standards, focal spots 0.85 
mm long. A sales contract listing the size expected and the 
method of measuring it would ensure better compliance by 
manufacturers. 

Similarly, specifications-for automatic exposure control sys- 
tems should be included in sales contracts for mammographic 
units. Mest failures of these systems are caused by inade- 
quate testing with a suitable range of breast-equivalent ma- 
terial over a realistic range of kilovoltages. This testing is 
necessary if the systems are to be calibrated correctly. Of 
course, kilovoltage accuracy must be tested before the au- 
tomatic eontro! system is-calibrated, as kilovoltage will affect 
its performance. 

The automatic exposure devices of some units required 
too many decisions by the technologist to be considered truly 
automatic. Varying the automatic exposure settings accord- 
ing to the different thickmesses of the compressed breasts 
was most important for those units with photomultiplier ex- 
posure sensors. Service personnel usually calibrate automatic 
exposure-control systems with a Kodak or other high-contrast 
test object. The use of inappropriate materials such as Lucite, 
water, and grapefruit halwes to test automatic exposure con- 
trol systems probably accounts for some variations among 
mammographic installations. Because beam-hardening af- 
fects the response of the automatic exposure sensor, correc- 
tion for such hardening should be made with BR12 epoxy 
test objects of varying thicknesses or with other calibrated 
breast-tissue—equivalent material. 

Mean glandular dose variations can result from a variety of 
factors such as beam quality (half-value layer of aluminum), 
beam energy, breast compression, and breast composition 
[7]; an excessively high dose may reflect a poorly designed 
or malfunctioning X-ray generator [8]. As all films were de- 
veloped at the mammographic facility being tested, the tem- 
perature, development time, and freshness of the chemicals 
could have affected the optical density achieved, which in 
turn could affect the exposures obtained. Units with low 
photon fiux rely on long exposures for adequate film darken- 
ing. Because of reciprocity failure on OM film, increased 
exposure time (over 3 sec) can require 15% more exposure 
than shorter exposures. In addition, kilovoltage accuracy, not 
checked on any of the units, when combined with the voltage 
waveform that is generated, can have a significant effect on 
the energy spectrum. The lower kilovoltage components of 
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the spectrum can contribute to high exposures. Variations in 
grid construction (only the CGR and Philips grids were made 
by the same company) significantly affect both dose and 
image contrast. The newly designed grids, which predomi- 
nated in the units that we tested, yielded a lower dose than 
anticipated. 

The amount of available amperage-seconds is a critical 
factor in the clinical use of any mammographic unit. One of 
the units “timed out” on a 5-cm-thick BR12 test object sub- 
jected to a gridless 28-kVp exposure with the large focal 
spot. Philips, Elscint, and Ausonics units were not able to 
image a 6-cm-thick BR12 test object at 28 kVp with a grid. 
The maximum amperage-seconds available in a unit is not 
necessarily an adequate measure of its available power. 
Although the exposures measured at 40 mAs for Philips and 
CGR units were similar, the Xerox unit required 80 mAs to 
achieve the same exposure. A measurement of the mR/mAs 
is a more reliable indicator of the penetrating capabilities of 
tubes. In our experience, tubes below 8 mR/mAs at 30 kVp 
(with the compression paddle in place) are often unable to 
image dense breasts without motion artifacts. 

In summary, focal-spot size should be tested before a 
mammographic unit is accepted from the manufacturer. How- 
ever, focal-spot size alone should not be the primary reason 
for selecting a particular unit. Performance of an automatic 
exposure device is important in controlling unnecessary ex- 
posure, and the available amperage-seconds should be tested 
with a grid to ensure the capability of a unit to penetrate 
dense, large breasts. 
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A Multimodality Approach to Breast Imaging. By Saar Porrath. Rockville, MD: Aspen, 324 pp., 1986. $63.50 


The first section of this book discusses a wide variety of methods, 
primarily imaging tests, to detect and diagnose breast disease. Sev- 
eral of the chapters contain unorthodox conclusions that run contrary 
to conventional teaching. In the chapter on physical examination of 
the breast, Sartorius correctly emphasizes the need for skill and 
thoroughness but implies that he uses mammography only when 
physical examination produces questionable findings, not also to 
screen for occult cancer. Such skewing of the selection of patients 
probably accounts, at least in part, for the unusually high (95%) 
cancer detection rate he reports for physical examination and for the 
paucity of small (<1 cm) cancers found in his series. Porrath’s chapter 
on sonography states his personal preference to use the technique 
for a wide variety of indications beyond the accepted cyst-vs-solid 
differentiation of already detected lesions but presents no supporting 
data. Carlsen’s chapter on transillumination amounts to an unqualified 
endorsement of the technique. This is to be expected, | suppose, 
because he is the developer of a commercial transillumination device. 
However, one wonders why such a biased observer was selected to 
write the chapter. His compilation of previous clinical experience with 
breast transillumination is padded with many enthusiastic reports that 
never made it to the peer-review literature. Only one unfavorable 
report is presented, although most articles on this subject in peer- 
review publications are unfavorable, and all indicate the unproved 
Status of the technique. Porrath, in his chapter on thermography, 
incorrectly states that the technique is accepted throughout Europe 
but is very controversial in the United States. Rather, thermography 
is accepted in a few medical centers in a few European countries but 
given little if any role elsewhere, especially in the United States, where 
it has fallen into disrepute. Unfortunately, the book contains no 
discussion of breast CT scanning, MR imaging, or digital imaging. A 
refreshingly interesting chapter on the psychology of breast screening 
ends this section. Although the subject seems somewhat out of place 
in a textbook devoted primarily to breast imaging, the chapter pro- 
vides a valuable perspective for all health care professionals, including 
imagers. 

The remainder of the book, written entirely by Dr. Porrath, dis- 
cusses breast lesions by disease entity, first benign conditions and 


then malignancies. These chapters are illustrated by case reports 
that often include several imaging techniques when a single test 
would have sufficed. Although it is pertinent for a multimodality 
textbook to describe and illustrate the imaging features of breast 
lesions by using the full spectrum of available techniques, the discus- 
sion portions of the chapters should have indicated more clearly how 
to limit the number of examinations for each disease entity to as few 
tests as possible. 

Chapters in these sections of the book provide bibliographies 
rather than cited references. This, of course, is less valuable to the 
reader who wants to follow up on specific areas of interest. In 
numerous instances, articles are listed in the bibliography but not 
discussed at all in the text. The converse also is true, fortunately to 
a lesser extent. 

Somewhere in the book, | would have liked to see a full discussion 
of the economic implications of multimodality imaging, specifically 
how often and when it is justified to apply several expensive imaging 
techniques when it might seem that one or two would suffice. The 
desire to limit costs has proved to be the major obstacle to accept- 
ance of multimodality imaging; Dr. Porrath should have taken the 
opportunity to attack this issue head on. 

Overall, the book has been produced quite effectively. The quality 
of illustrations is good, although not excellent, and typographical 
errors are infrequent. Dr. Porrath is careful to indicate those areas in 
which his personal preferences differ from those of the mainstream 
of general imaging practice. It is unfortunate that he does not attempt 
to justify his unorthodox positions on more firm scientific ground, but 
then perhaps there is no such ground. 

Better, more complete texts devoted to mammography, breast 
ultrasound, or both are available. For the several reasons cited, | 
doubt that the book will convert many readers to the concept of 
multimodality imaging. However, physicians already interested in 
incorporating as yet unproved techniques into their practices should 
find discussion and illustration of these examinations helpful. 
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Cytomegalovirus Esophagitis 
in AIDS: Radiographic Features 
in 16 Patients 





Cytomegalovirus is one of the more common opportunistic organisms implicated in 
the development of esophagitis in patients with AIDS. A review of the radiographic 
features of 16 proved cases of cytomegalovirus esophagitis showed a spectrum of 
abnormalities related to the severity of the inflammatory process. Seven patients had a 
mild form of esophagitis with segmental involvement characterized by granular mucosa, 
superficial erosions, and poorly defined, shallow ulcerations. Nine patients had more 
severe esophagitis with solitary or multiple deep ulcers and a background of normal 
mucosa. The deep ulcerations were oval in shape and varied in size. Some projected 
intraluminally and had a thin rim of radiolucency at the base. Short-term follow-up 
examinations showed progression of the disease in four patients, no change in one 
patient, and regression without specific therapy in one patient. 

Although these radiographic features are highly suggestive of cytomegalovirus esoph- 
agitis, the diagnosis requires histologic confirmation. 


In immunocompromised individuals, focal or widespread cytomegalovirus (CMV) 
infections may affect any segment of the gastrointestinal tract, Causing a variety of 
lesions ranging from small, superficial erosions to deep ulcers and free perforations 
[1-8]. Although gastrointestinal CMV infections have been reported in patients 
with malignancies, in patients on immunosuppressive therapy, and in those who 
have received renal transplants, such infections are seen today mostly in patients 
with AIDS. 

With the development of the AIDS epidemic we have recently experienced an 
increase in the number of patients presenting with CMV esophagitis. The purpose 
of this report is to describe the radiographic features of 16 proved cases of CMV 
esophagitis in patients with AIDS, to discuss the differential diagnosis, and to 
review the experience reported in the literature. 


Materials and Methods 


We studied 16 patients documented as having AIDS who were examined radiographically 
because of recent complaints of dysphagia and/or odynophagia. AIDS was either known or 
Strongly suspected at the time of the esophagram. The diagnosis was based on typical 
histories, on the presence of systemic opportunistic infections (either at the time of the 
examination or in the recent past), and on positive results of serology tests for human 
immunodeficiency virus (HIV). There were 15 men and two women ranging in age from 19 to 
46 years (mean, 35 years). Among the men, 11 were homosexuals, four were IV drug abusers, 
and one was both a homosexual and an IV drug abuser. One woman was from Haiti, and the 
other woman had a history of heterosexual contact with an AIDS patient. Biphasic esopha- 
grams (double contrast and solid barium column) were performed in 12 patients, and single- 
contrast barium esophagrams were available for review in four patients. Follow-up radio- 
graphic examinations were performed in six patients. In addition three patients had CT 
examinations done, and these were reviewed retrospectively. 

The diagnosis of CMV esophagitis was established by biopsy at esophagoscopy in 15 
patients and at autopsy in one patient. Three patients had histories of successfully treated 
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esophageal candidiasis. In six patients initial endoscopic biopsies 
showed nonspecific chronic inflammation, and the correct diagnosis 
was established by repeated biopsies obtained at the time of admis- 
sion or on follow-up examinations. 


Results 


Retrospective review of the esophagrams in this series 
documented a variety of radiographic findings in different 
parts of the esophagus. 

In seven patients a segmental and superficial form of in- 
volvement was seen at different levels in the esophagus. 
Abnormal segments 3-5 cm in length were seen in the upper 
esophagus in two patients and in the distal esophagus in 
three patients (Fig. 1). In two cases more widespread involve- 
ment was present (Fig. 2). Radiographic findings included a 
diffuse granular mucosa; superficial erosions: Shallow, poorly 





Fig. 1.—Segmental superficial cytomegalovi- 
rus esophagitis in a 38-year-old woman with 
AIDS. Double-contrast esophagram shows gran- 
ularity of mucosa in a short segment of esopha- 
gus. There are superficial erosions and small, 
poorly defined, shallow ulcerations (arrows). 


Fig. 2.—Segmental superficial cytomegalovirus 
esophagitis in a 43-year-old homosexual man with 
AIDS. Double-contrast esophagram shows super- 
ficial erosions (closed arrows) and a small, dis- 
crete ulceration (open arrow). Single-contrast bar- 
ium study was normal. 
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defined ulcerations; and/or irregular thickening of the mucosal 
folds (Figs. 1 and 2). Follow-up examination performed at 2 
months in one of these patients revealed a 4-cm-deep ulcer- 
ation at the esophagogastric junction at the site where only 
Superficial mucosal inflammatory changes were seen initially. 

In 10 cases, including one initially presenting with superficial 
inflammatory changes, focal deep ulcerations in otherwise 
normal esophageal mucosa were detected. Seven patients 
had solitary ulcers (Fig. 3), and three patients had several 
ulcers for a total of 16 ulcers (Figs. 4 and 5). Ten ulcers were 
located in the middle third of the esophagus, four in the distal 
esophagus, and two in the proximal esophagus. They varied 
in diameter from 0.5 to 5 cm. When seen en face, the 
associated peripheral mound of inflammatory tissue produced 
a filling defect that mimicked an esophageal tumor (Figs. 4 
and 5). In profile some ulcers projected intraluminally (Figs. 
3-5) and had a rim of radiolucency at the base (Figs. 5 and 
6). Seven ulcers were oval or semilunar in shape (Figs. 3, 4, 


Fig. 3.—Solitary ulcer (arrows) on posterior 
wall of distal esophagus in a 33-year-old man 
with AIDS. There is a large ulcer with semilunar 
configuration. Other portions of the esophagus 
were normal. 
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Fig. 4.—Four distinct ulcers (arrows) in upper, 
middie, and ower esophagus in a 40-year-old 
man with Al®S. Ulcers are elongated, oval, and 
slightly irreqular in shape. When seen in profile 
they are located peripherallyand have an intra- 
luminal component. Seen en face they could be 
mistaken for intraluminal tumor. 


and 6), and five cases had radiolucent mounds at the ulcer 
base (Figs 3, 5, and 6). 

Five patents with esophageal ulcers had follow-up exami- 
nations performed within 1-6 months. The ulcers increased 
in size and/or number in three patients (Fig. 7), remained 
unchangec in one, and became significantly smaller in one 
without specific therapy (Fig. 8). Of the 16 patients, the distal 
esophagus was initially involved in six, the middle third of the 
esophagus in eight, and the upper esophagus in two. CT, 
performed in three patients with lesions of the distal esopha- 
gus, showec nonspecific, circumferential soft-tissue thicken- 
ing consistent with either inflammation or infiltrating tumor. 


Discussioa 


Isolated examples of CMV lesions of the gastrointestinal 
tract have been reported in the past [1-8]. However, the 


Fig. 5.—Three superficial ulcers (arrows) in a 
27-year-old man with AIDS. Ulcers, seen in profile 
and en face, have radiolucent rims at the base. 
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Fig. 6.—Single-contrast esophagram shows 
ulcer in distal half of esophagus in a 19-year-old 
Haitian woman. Correct diagnosis was missed 
at endoscopy and biopsy, and was made only at 
autopsy. A thin, radiolucent rim is seen at the 
base of an elongated ulcer (arrows). 


frequency of these lesions has increased enormously since 
the onset of the AIDS epidemic. 

The diagnosis is based on biopsies revealing typical cyto- 
plasmic and intranuclear inclusion bodies in the epithelial 
connective tissue and endothelial cells. Superficial biopsies 
that show only nonspecific inflammatory response are not 
sufficient to exclude the diagnosis. Multiple biopsies are often 
necessary. In this series, the correct diagnosis was made in 
six patients, only after repeated biopsies were performed 
because of the suspicious features observed on esophagrams 
and endoscopy. 

Only a few cases of CMV esophagitis have been reported 
[6-8], with some presenting as localized ulcers and others as 
a more diffuse esophagitis involving mainly the distal esoph- 
agus. In this series, a spectrum of radiologic abnormalities 
was noted ranging from superficial esophagitis (seven pa- 
tients) to a more severe form with single or multiple deep 
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ulcers (nine patients). None had diffuse involvement of the 
esophagus, although this presentation was described in a 
recent report [8]. 

In Our experience double-contrast esophagrams are far 
Superior in detecting not only superficial mucosal changes 
(Figs. 1 and 2), but also some of the small and medium-sized 
esophageal ulcers (Figs. 4, 5, and 7). This technique led to 
the detection of subtle mucosal changes not seen on the full- 
column barium studies (Fig. 2). 

Although the development of CMV infections in AIDS pa- 
tients is considered an ominous sign, esophageal lesions may 
have an indolent and unpredictable course. Short-term follow- 
up examinations in six patients showed progression from 
Superficial involvement to deep ulceration in one patient and 
progression from single small ulcers to ulcers that were larger, 
deeper, and/or more numerous in three patients (Fig. 7). One 
patient showed no change, and another patient had a marked 
decrease in the size of his esophageal ulcer without specific 
therapy (Fig. 8). 
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Fig. 7.—Solitary ulcer in a 27-year-old man 
with AIDS. 

A, initial double-contrast examination shows 
a small superficial ulcer in middle third esopha- 
gus (arrow). 

B, Follow-up examination 2 months later re- 
veals significant enlargement (arrows). Ulcer is 
elongated and projects intraluminally. 


Because of its relative frequency, CMV esophagitis should 
be suspected in patients with AIDS who present with dys- 
phagia and/or odynophagia. The following radiographic find- 
ings suggest the diagnosis: (1) segmental or focal involve- 
ment; (2) mucosal granularity, erosions, poorly defined and 
shallow ulcerations, and irregular thickening of the mucosal 
folds (Figs. 1 and 2); (3) single or multiple deep ulcerations in 
otherwise normal mucosa (Figs. 4, 5, 7, and 8); and (4) oval- 
or semilunar-shaped ulcers that project intraluminally and 
have a rim of radiolucency at their base (Figs. 3, 5, and 6). 

The differential diagnosis includes other forms of opportun- 
istic esophagitis common in AIDS patients. Moniliasis usually 
is diffuse, showing multiple plaquelike lesions and superficial 
erosions [9, 10]. In our experience segmental involvement or 
large ulcerations in moniliasis, while reported in the literature 
[10], are distinctly unusual. Patients with herpes esophagitis 
may have solitary or multiple small ulcers with an otherwise 
normal mucosa [11-14]. While some of the radiographic 
features of CMV esophagitis appear to be specific, the diag- 
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Fig. 8.—Large solitary ulcer on anterior wall 
of middie third esophagus in a 38-year-old man 
with AIDS. 

A, initial examination revealed a large, elon- 
gated uicer with a significant intraluminal com- 
ponent and normal adjacent esophageal mucosa 
(arrows). 

B, Follow-up examinatien 5 months later 
shows a small residual uleer (arrow). Patient 
improved without specific therapy. 


nosis must be based en histologic findings. Esophagraphy 
serves to establish the site, severity, and extent of the CMV 
infection. 
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Handbook of Gastrointestinal Imaging. Edited by R. Kristina Gedgaudas-McClees. New York: Churchill Living- 
stone, 274 pp., 1987. $49 


The stated purpose of this handbook is to provide radiologists, 
particularly those preparing for the oral examination by the American 
Board of Radiology, with a concise and complete review of gastroin- 
testinal radiology. In general, the authors have been successful in 
condensing a great deal of material into this rather slim volume. 
Apparently because of limitations of space, many conditions are not 
illustrated, and controversies in technique or interpretation are not 
explored. 

The text is mainly descriptive, with little emphasis on pathophys- 
iology. The chapters include radiology of the esophagus, stomach, 
small bowel, colon, liver, biliary system, and pancreas. Those chap- 
ters dealing with the gut emphasize barium studies, with only occa- 
sional correlation with other imaging techniques. Illustrations are 
superb, and the text is concise and well organized. A minor criticism 
is the stated preference for commercial barium preparations rather 
than generic designations. The chapter on radiology of the liver lacks 
Clarity and is less successful in summarizing the differential diagnosis 
of focal hepatic lesions than might be expected. The chapters on the 
biliary system and the pancreas are successful in correlating the 
various techniques for the investigation of pathologic processes in 
these organs. 


In the chapter on the liver, the suggested readings are mostly 
other textbooks. In the other chapters, they represent a good over- 
view of the pertinent published articles although glaring omissions 
occur, such as the lack of even one reference on diverticular disease 
in the chapter on the colon. 

Statements and statistics are not referenced, so the reader must 
review all the pertinent suggested reading to obtain further clarifica- 
tion of ambiguous or controversial statements. However, this is a 
generic problem in this type of publication, which, by design, is not a 
reference volume. 

The book is readable and, in general, is successful in its stated 
purpose to provide a review of gastrointestinal imaging. It is not 
recommended for beginners but appears well suited for the desig- 
nated market, namely, residents preparing for the board examinations 
or radiologists in search of a concise yet comprehensive review of 
gastrointestinal radiology. 
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Epidermolysis Bullosa: Radiographic 
Findings in 16 Cases 





Epidermolysis bullosa is a group of dermatologic disorders with varied inheritance 
patterns having the common manifestation of blister or bulla formation after minor 
trauma. Sixteen patients with the disease had the following radiographic manifestations: 
esophageal stricture (16), fecal impaction (six), vaginal stenosis (one), epithelial bridging 
and fusion of the digits (six), and aspiration changes in the lungs (two). Esophageal 
strictures involved the pharynx or cervical esophagus in eight cases and were multiple 
in five; they ranged in length from 2 mm to 15 cm and tended to progress over time. 

The findings of esophageal stricture, particularly when multiple and involving the 
proximal esophagus, and/or the presence of distal phalangeal atrophy with soft-tissue 
webbing suggest the diagnosis of epidermolysis bullosa. 


Epidermolysis bullosa (EB) is a group of hereditary and acquired disorders whose 
common feature is the formation of blisters after minor trauma. The disease can 
be acquired or inherited as an autosomal dominant or recessive trait and is further 
subclassified by the layer of the skin involved in the separation. In EB dystrophica, 
the division occurs within the dermis and may result in scarring. This is the subtype 
most often associated with radiologic changes [1]. Clinical and radiographic mani- 
festations of EB vary with the position of the lesion. 

Radiologic manifestations of EB involvement of the gastrointestinal, genitouri- 
nary, respiratory, and musculoskeletal systems in 16 patients with EB were 
analyzed. 


Materials and Methods 


Forty-one patients with a diagnosis of EB seen at our institution from 1970 to 1986 were 
identified by computer search. Review of the medical records disclosed that 16 of these had 
radiologic abnormalities. There were nine men and seven women ranging in age from 1 to 59 
years (mean, 17 years; median, 11 years). All 16 patients had barium swallow examinations, 
14 had chest radiographs, seven had plain abdominal films, six had radiographs of the 
extremities, and one had a perineal sinogram. The radiographs were available for review in 
14 patients; the reports were available in the other two. 


Results 


All 16 patients with EB and positive radiographs had barium esophagrams that 
showed pharyngeal or esophageal strictures. These strictures were in the cervical 
esophagus in eight, in the middle-third esophagus in five, and in the lower-third 
esophagus in three (Fig. 1). Five patients had multiple esophageal strictures. The 
Strictures varied in length from 2 mm to 15 cm, and the longer strictures had 
tapered margins. Six patients had multiple esophagrams over a period of 3 to 11 
years. New lesions or a progression of previous ones were observed. Two patients 
with proximal strictures aspirated barium during the examination. 
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Fig. 1.—Barium esophagrams showing pharyngoesophageal strictures. 
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A, Multiple short strictures (straight arrows) involving pharynx with resulting aspiration (curved arrow). 


B, Long stricture of middle esophagus with tapering margin (arrows). 
C, Irregular distal stricture with fluid level within distended esophagus. 


Six of the seven patients who had abdominal plain radio- 
graphs had evidence of fecal impaction. Two of the 14 pa- 
tients with chest radiographs had chronic aspiration pneu- 
monia. Both patients had proximal pharyngoesophageal stric- 
tures seen on barium esophagrams. One woman had vaginal 
stenosis and labial fusion. A sinogram through a small perineal 
sinus showed the vagina to be irregular and narrowed (Fig. 
2). All six patients with radiographs of the extremities had 
fusion and webs between the digits of the hands and feet 
with stricture or amputation of phalanges (Fig. 3). 


Discussion 


Epidermolysis bullosa involves not only the skin but also 
those internal organs that are lined with squamous epithelium. 
The pharynx and esophagus are frequently involved because 
of their exposure to minor trauma [2]. All 16 patients in our 
series had pharyngeal or esophageal strictures. Esophageal 
abnormalities occur at sites of relative stasis (aortic knob, 
carina, gastroesophageal junction) and in areas subject to 
peptic esophagitis [2, 3]. Mucosal trauma results in formation 
of bullae in which the epithelial layer is separated from the 
lamina propria. When the lesions heal with scarring, segmental 
stenoses result. Esophageal strictures have been reported 
[2, 4, 5] in the upper third of the esophagus in 50% of patients 
and in the lower third in 25%; they are multiple in 25% of 
cases. Eight (50%) of the 16 esophageal strictures in our 
series occurred in the proximal third, and five (31%) had 
multiple strictures. Long strictures had smooth, tapered mar- 


gins. Short segmental stenoses or webs were also seen iz, 
4,5] (Fig. 1). Less common radiologic findings included pseu- 
Codiverticulum formation, prestenotic dilatation, ulceration, 
and spasm. Strictures sometimes resembled caustic or peptic 
strictures (Fig. 1C). 

In some patients with EB, endoscopy is difficult because of 
narrowing of the esophagus. When the mucosa is traumatized 
by the endoscope, additional bullae lead to further scarring 
and narrowing [6]. 

Involvement of the squamous epithelial mucosal lining of 
the anal canal may lead to chronic constipation and fecal 
impaction. Abdominal radiographs of six patients in our series 
showed a dilated and stool-filled colon and rectum. 

The squamous epithelium of the genitalia may also be 
involved. Meatal stenosis in a 3-year-old boy and partial labial 
fusion with vaginal narrowing in a 10-year-old girl have been 
reported [7, 8]. One of our cases was a 10-year-old girl with 
labial fusion and vaginal stenosis. 

Patients with generalized disease have typical musculo- 
skeletal radiographic findings caused by the repeated epi- 
sodes of epidermal blistering that lead to epithelial bridging 
and scarring. Hands and feet are most frequently and most 
severely affected. Epidermal bridging at the sites of previous 
bullae produces soft-tissue webbing between digits (Fig. 3). 
Fibrotic bands and scarring produce severe contractures 
often at metacarpophalangeal or interphalangeal joints, and 
lead to amputation of the phalanges or metacarpals. Skin 
atrophy and fibrosis produce tapering and thinning of the 
distal phalanges, usually associated with loss of nails. Soft- 
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Fig. 2.—Perineal sinogram showing vaginal 
stenosis. 

A, Oblique view shows communication (ar- 
row) between perineal sinus.and vagina that is 
narrowed and irregular near introitus. 

B, Frontal radiograph shows irregular vaginal 
wall at introitus (arrows). 


Fig. 3.—Radiograph of hands shows contract- 
ures of phalanges with distalithinning and reab- 
sorption of bone. 


tissue dystrophic calcifications resembling those seen in sys- 
temic sclerosis may be seen [9]. 

Musculoskeletal changes elsewhere include diffuse osteo- 
penia related to chronic immobilization and to the poor nutri- 
tional state. Muscle atrephy can result in overtubulation of 
long bones. Deformity of the mandible and maxilla may be 
seen, the result of chronic fibrosis and scarring of the skin 
[10]. A combination of distal phalangeal atrophy with atrophy 
and soft-tissue webbing is, however, most suggestive of 
EB [3]. 
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Percutaneous Contrast Examination of the Stomach After 
Gastric Bypass 


G. Farrell McNeely’, Richard E. Kinard', Alex M. Macgregor*, and Jared C. Kniffen® 


Gastric bypass is a form of gastric exclusion that has been 
effective in inducing and maintaining weight loss in morbidly 
obese patients [1, 2]. In this procedure a staple partition is 
placed transversely extending from the lesser curvature of 
the stomach approximately 2 cm distal to the esophagogastric 
junction across the gastric fundus to its greater curvature, or 
alternatively from the esophagogastric angle obliquely down 
to the lesser curvature, creating a gastric pouch of 50 ml or 
less. Subsequently, a Roux-en-Y jejunojejunostomy is con- 
structed, and the free end of the jejunum is brought up to the 
gastric pouch and anastomosed to it with a stoma diameter 
of approximately 1.0 cm. Food and barium bypass the gastric 
body, antrum, and duodenum, thus precluding examination 
of these organs by antegrade contrast studies or routine 
endoscopy [3, 4]. 

We described a technique of percutaneous examination of 
the bypassed stomach in 1983 [5]. Since that report, to our 
knowledge, there have been only two case reports of percu- 
taneous studies in gastric bypass patients [4, 6]. Since our 
initial report, we have performed 14 more examinations and 
report here our technique, its modifications, and our experi- 
ence in these 14 patients. 


Materials and Methods 


All patients were women (age range, 31-53 years). Eleven pre- 
sented with persistent abdominal pain and nausea, and three pre- 
sented with gastrointestinal bleeding. The interval between the by- 
pass surgery and the percutaneous study ranged from 8 to 52 


months. All patients had thorough, often repeated clinical evaluations 
including surgical and gastroenterologic consultations, routine barium 
examinations of the nonbypassed portion of the stomach and small 
bowel, gallbladder examinations, routine liver-function studies, and 
amylase determinations. In addition, barium enemas were done in 
the patients with gastrointestinal bleeding. Most patients had an 
abdominal CT scan, and eight patients, including both patients who 
had gastrointestinal bleeding, had upper endoscopy of the nonby- 
passed portion of the stomach and proximal jejunum. If these ex- 
aminations and consultations failed to establish a cause for the 
symptoms, a percutaneous upper gastrointestinal examination was 
performed. 

For our procedure, preoperative and postoperative upper gastroin- 
testinal studies and CT scans, if available, are reviewed. In one of 
our early patients, localization of the stomach was made with CT 
guidance. More recently, surgeons have routinely marked the greater 
and lesser curvatures of the antrum with hemoclips to aid in subse- 
quent localization of the stomach, since the antrum may be slightly 
displaced from the preoperative position because of weight loss, the 
surgical procedure, or adhesions. Four of our patients had these clips 
placed at the time of surgery. In the last five patients, °°"Tc pertech- 
netate, which concentrates in the bypassed gastric mucosa, has 
been useful in precisely locating the bypassed stomach. The patient 
is given 185 MBq of IV “Tc pertechnetate. The stomach is visualized 
on the gamma camera and outlined on the skin by using a *"Tc- 
labeled cotton swab and an ink marker. Our routine has now evolved 
to use of the already available barium studies, hemoclip markers, and 
radionuclide localization for the procedure. We have had no failures 
using these three means of localization in combination. 

Once the bypassed stomach is located, a point in the epigastrium, 
usually just to the right of the midline over the gastric antrum, is 
chosen. With fluoroscopic guidance, a 22-gauge fine needle is ad- 
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Fig. 1.—Anteroposterior supine ra- 
diograph shows optimal course of fine 
needie with its tip near fundal staple 
line. 


Fig. 2.—Anteroposterior supine ra- 
diograph shows a good-quality normal 
study of stomach using 100 mi of 60% 
meglumine diatrizoate. 


vanced along the long axis of the stomach toward the fundal staple 
line angling about 35° posteriorly until the tip of the needle projects 
near the staple line (Fig. 1). The needle is then withdrawn in 2- to 3- 
mm increments, and small amounts of sterile 60% meglumine diatri- 
zoate are injected after each withdrawal until the gastric mucosa is 
recognized; this technique is similar to that used in percutaneous 
transhepatic cholangiography. If the gastric lumen is not encountered, 
the procedure is repeated, redirecting the needle slightly more crani- 
ally or caudally and changing slightly the angle of inclination. Multiple 
passes and test injections are sometimes required, and these may 
interfere with adequate identification of the gastric mucosa once the 
gastric lumen is seen. When excessive extraluminal contrast material 
begins to interfere with interpretation of the examination, the proce- 
dure is stopped and repeated several hours later or the next day. 
When the gastric lumen is visualized, 50-100 ml of 60% meglumine 
diatrizoate are injected into the bypassed stomach, the needle is 
withdrawn, and appropriate fluoroscopic spot films and overhead 
radiographs are obtained. 

Intermittent spot films taken during the procedure are useful to 
identify extraluminal injections, particularly intramural injections. In 
addition..after the first filming, the patient can be placed on his or her 
left side for 20-30 min before a second series of radiographs is 
obtained. This usually prevents the stomach from emptying and 
allows partial and sometimes complete reabsorption or redistribution 
of the extraluminal contrast material. When pylorospasm is encoun- 
tered, the patient is given water or a soft drink by mouth to stimulate 
gastric peristalsis and pyloric relaxation. Figure 2 shows a normal, 
completed percutaneous examination. 


Results 


The procedure was successful in 13 of 14 patients. Success 
was achieved on the first attempt in 10 patients, the second 
attempt in one patient, and the third attempt in one patient. 
In one patient, after an initially unsuccessful attempt, suc- 
cessful gastric puncture was accomplished after retrograde 
inflation of the stomach with air by way of an endoscope 
placed into the afferent limb of the Roux-en-Y anastomosis. 

The results of the percutaneous examination were corre- 
lated with surgical findings in five of 13 successful studies. 
There was one false-positive study in a patient with gastroin- 
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testinal bleeding in whom an intramural injection of contrast 
material was misinterpreted as a gastric ulcer. A gastrectomy 
1 week later showed no evidence of an ulcer. The source of 
the gastrointestinal bleeding was never found. One patient, 
whose percutaneous examination was negative and who had 
chronic abdominal pain and vomiting, had a partially obstruct- 
ing, apparently intermittent, small-bowel volvulus at surgery. 
A third patient had surgery to take down the bypass because 
of severe gastroesophageal reflux. At surgery a deformed 
gastric antrum was found, which correlated with the percu- 
taneous findings. One patient with prominent gastric mucosal 
folds on the percutaneous procedure had a sphincterotomy 
3 years later for ampullary fibrosis. The stomacr and duo- 
denum were grossly normal at surgery. In the fifth patient, 
who had epigastric pain and gastrointestinal bleeding, the 
percutaneous examination showed an active ulcer on the 
lesser curvature of the stomach, and surgery 5 days later 
confirmed the ulcer. Of the eight patients without surgical 
follow-up, all had negative percutaneous examinations. Two 
of these patients presented with upper gastrointestinal bleed- 
ing and anemia, and six presented with recurrent epigastric 
pain and nausea. In both patients with upper gastrointestinal 
bleeding, the bleeding stopped spontaneously and did not 
recur. The bleeding source was not found in either patient. 
One of the patients with chronic abdominal pain had a final 
diagnosis of chronic pancreatitis. The other five patients 
continue to have epigastric pain of unknown causes. 


Discussion 


The most common indications for percutaneous examina- 
tion of the stomach after gastric bypass surgery have been 
persistent nausea, vomiting, epigastric pain, and upper gas- 
trointestinal bleeding. Many, but not all, patients have had 
interval abdominal CT examinations. If the CT examination 
indicated gastric or anastomotic obstruction, surgical inter- 
vention was deemed necessary and percutaneous examina- 
tions were not done. 
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During the percutaneous procedure, patients sometimes 
complained of mild epigastric fullness or mild discomfort, but 
only one patient had severe pain that radiated into the back, 
probably caused by deep needle placement into the pan- 
creatic bed. When the needle was retracted, the pain resolved 
within 5 min and the procedure was completed without further 
difficulty. A follow-up amylase determination was normal. 

During procedures on different patients, the lesser sac, the 
peritoneal cavity, the large- and small-bowel lumens, the 
hepatic and portal veins in the left lobe of the liver, or the 
inferior vena cava were entered inadvertently with the fine 
needie and injected with contrast material, without adverse 
sequelae. Usually the colon could be avoided by fluoroscopic 
visualization of gas in the transverse colon. Alternatively, the 
patient might be given oral barium the night before the pro- 
cedure to mark the colon. If the colon lumen was punctured 
during the procedure, the contaminated needie was ex- 
changed for a sterile one and the procedure was completed. 
No patient in whom the colon was visualized had subsequent 
evidence of fever, leukocytosis, bleeding, or other complica- 
tions. 

At some institutions a gastrostomy or a gastropexy is 
performed at the time of the first bypass procedure. The 
gastrostomy scar or gastropexy hemoclips are then located 
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with CT and used to facilitate percutaneous examination [4, 
6]. Sonographic guidance, described by Rankin et al. [4], may 
be an additional useful technique. 

Flickinger et al. [3] described a success rate of 68-80% for 
retrograde endoscopic examination of the stomach and duo- 
denum by way of the Roux-en-Y loop. However, finding and 
entering the jejunojejunal anastomosis require considerable 
endoscopic experience [4, 5]. 
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Direct Percutaneous Jejunostomy 


Robin R. Gray,’ Chia-Sing Ho,” Allan Yee,* Walter Montanera,° and D. P. Jones* 


Percutaneous gastrostomy appears to be a safe method 
of providing enteric alimentation for patients with a wide 
variety ef disorders in whom oral feeding is not possible or 
desirable [1-6]. However, percutaneous gastrostomy may 
not be possible in some patients because of the unfavorable 
positionsof the stomach or because of previous partial or total 
gastrectomy. We describe a patient with previous gastric 
surgery in whom enteric feeding was achieved by direct 
percutaneous jejunostomy. 


Case Report 


A 60-year-old man underwent pharyngolaryngectomy in April, 
1985, for larymgeal carcinoma. A gastric pullup operation was per- 
formed with high anastomosis at the level of the posterior tongue. 
The initia! postoperative course was unremarkable, but over the next 
several months the patient developed dysphagia in the oropharynx. 
He was found to have an anastomotic stricture for which he under- 
went bouwgienage on three occasions. The strictures improved, but 
the dysphagia persisted. The patient lost a significant amount of 
weight and was considered a candidate for percutaneous feeding 
gastrostomy. A direct percutaneous jejunostomy was performed 
since only a small portion of the stomach was present below the 
diaphragm because of the previous surgery. 

Under fluoroscopic guidance, a nasogastric tube was passed 
through the surgical anastomosis into the intrathoracic stomach and 
through the pylorus, which was just below the hemidiaphragm. The 
liver margin was identified using sonography, and gas in the trans- 
verse coion was identified fluoroscopically. One milligram of IV glu- 
cagon (Lilly, Indianapolis IN) was given to slow peristalsis. The small 
bowel was then filled with room air through the nasogastric tube. 
Using a fluoroscopic “C”-arm, a loop of bowel was identified imme- 
diately adjacent to the anterior abdominal wall (Fig. 1A). This was 
previously identified as a proximal loop of jejunum on a barium 
examination. In addition, the bolus of air that was injected through 
the nasogastric tube could be followed to this proximal jejunal loop 
fluoroscapically. 

After administering local anesthesia, a 21-gauge needle from a 
Cope-type introducer set (Cook, Bloomington, IN) was inserted 


through the anterior abdominal wall into the jejunal lumen (Fig. 1B). 
Injection of contrast material confirmed the position of the needle tip 
within the jejunal lumen and a 0.018-in. (0.046-cm) guidewire was 
inserted. The introduction catheter was used to exchange the first 
guidewire for a 0.038-in. (0.097-cm) “J”-tipped guidewire. The tract 
was dilated using radiopaque dilators (Cook). The dilators passed 
easily over the guidewire, entering the jejunal lumen without the 
jejunal wall backing away. An 8-French Cope-loop nephrostomy 
catheter (Cook) was then advanced into the jejunal lumen and fixed 
to the anterior abdominal wall. Injection of contrast material showed 
that the catheter tip was in a good position and that no leakage had 
occurred (Fig. 1C). 

The patient was started on direct jejunal feedings 3 days later. He 
was well and gaining weight up to 13 months after the procedure. 
The only catheter-related complication has been the formation of a 
small amount of granulation tissue at the site of catheter insertion on 
the skin. This was treated with silver nitrate cauterization. The 
catheter had always functioned well and was exchangec prophylac- 
tically at 6 months. 


Discussion 


Percutaneous gastrostomy and gastrojejunostomy are safe 
and effective means of providing enteral feeding in patients in 
whom oral feeding is not possible [1-6]. If the stomach has 
been surgically removed or is made inaccessible, enteral 
feeding can be accomplished by placing a feeding tube directly 
into the jejunum. 

Surgically placed tube jejunostomy is associated with sig- 
nificant complications including aspiration, leakage, sepsis, 
peritonitis, and bowel obstruction [7, 8]. In one study, seven 
of 73 patients with standard surgical tube jejunostomy died 
as a direct result of complications of the jejunostomy [8]. 

Glaser et al. [9] described an endoscopically guided per- 
cutaneous jejunostomy in a patient with previous partial gas- 
tric resection. Radiologic methods use sonography and fluo- 
roscopy to better localize the colon and liver adjacent to the 
proposed site of puncture. 
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Fig. 1.—A, Lateral view of upper abdomen with horizontal radiographic beam. Tip of forceps marks site of puncture. A loop of jejunum has been 
distended with air and lies immediately adjacent to anterior abdominal wall (arrows). 

B, A 21-gauge needle is used for percutaneous jejunal puncture. 

C, Final position of percutaneous jejunostomy feeding catheter. 


Percutaneous puncture of the jejunum is difficult because 
of the mobility of the jejunum, its compliance, and the difficulty 
of maintaining it in a distended state. Intraluminal support is 
important. In total, five direct percutaneous jejunostomies 
have been attempted at our institutions, including the one 
described above. These were attempted in different patients, 
all of whom had inaccessible or excised stomachs. The two 
most recent patients (including the one described) had suc- 
cessful catheterization and jejunal feeding by the method 
described. In these two cases, glucagon and injected air were 
used to distend the jejunum and provide intraluminal support. 

In the first three patients, jejunal punctures were attempted 
using an intrajejunal balloon to provide intraluminal support. 
This is analogous to a method of percutaneous gastrostomy 
using an intragastric balloon [3]. In the first two patients, 
attempts at jejunal puncture were unsuccessful. The third 
resulted in successful puncture and catheterization of the 
jejunum with successful jejunal feeding. In this case, the open 
end of an 8-cm-long, cylindrical, toy rubber balloon was tied 
to a nasogastric tube using a silk suture. The balloon-naso- 
gastric tube assembly was then inserted through the nose 
and advanced to the proximal jejunum under fluoroscopic 
guidance. The balloon was inflated with approximately 12 ml 
of contrast material, providing a target for percutaneous 
puncture of the jejunum. A needle was then advanced per- 
cutaneously and directed at the balloon. Rupture of the 
balloon and leakage of contrast material indicated penetration 
of the anterior jejunal wall. This was followed by passage of 
a guidewire and catheter insertion as described above. 

Because of great freedom of movement of the small bowel 
within the abdomen, a potential complication of a percuta- 
neously placed jejunal tube is dislodgment of the tube as the 
bowel changes position in the abdomen. This is known to 
occur in patients with percutaneous gastrostomy [4-6]. Dis- 
lodgment is prevented by using a self-retaining Cope-loop- 
type catheter for feeding. 

Leakage of intestinal contents or feeding solution is a 
potential complication of a percutaneously inserted jejunos- 
tomy tube. This is a known complication of surgical tube 
jejunostomy [8]. With time, a fibrous tract forms along the 
intraperitoneal portion of the catheter so that intraperitoneal 


contamination or leakage does not occur, even if the catheter 
became dislodged. 

Volvulus of the small bowel around the feeding catheter is 
a complication of surgical jejunostomy [7] and gastrostomy 
[10]. This can result in small bowel obstruction or necrosis 
[7, 10]. It is therefore important that the catheter be snugged 
up against the parietal peritoneum. 

Care must be taken that the site of puncture is in the 
proximal jejunum rather than in the ileum in order to avoid a 
short bowel syndrome. Use of an intrajejunal balloon will 
ensure localization of the puncture to the proximal jejunum. 
Alternatively, a continuous column of air can be seen from 
the nasogastric tube to the site of puncture if air is injected 
directly into the jejunal lumen. This distance should be short, 
thus ensuring a puncture of the proximal jejunum. 

All three of our patients with successful catheterizations 
had had previous abdominal surgery. We hypothesize that 
peritoneal adhesions, which would likely be present after 
surgery, serve to further support the jejunum and facilitate 
the puncture. Any leakage from the catheter would be con- 
fined locally by adhesions. 
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The Solitary Rectal Ulcer 
Syndrome: Diagnosis with Defecography 





The solitary rectal ulcer syndrome is an uncommon entity consisting of a rectal 
abnormality caused by straining during defecation and characterized by specific histo- 
logic changes. Endoscopy may show single or multiple ulcers or a preulcerative phase 
consisting of mucosal thickening. Findings on barium enema may be normal or nonspe- 
cific, consisting of a thickened valve of Houston, nodularity, and rectal stricture. Patho- 
logic changes consist of replacement of the lamina propria by fibroblasts and smooth 
muscle fibers with marked hypertrophy of the muscularis mucosae. In five patients with 
histologically proved solitary rectal ulcer syndrome, defecography was performed to 
evaluate the accompanying defecation disorder. Two patients showed the spastic pelvic 
floor syndrome, characterized by failure of relaxation of the pelvic floor musculature 
during straining. In the remaining three, defecography showed an infolding of the rectal 
wall toward the rectal lumen increasing gradually to form an intussusception. 

The results indicate that defecography is useful to show the underlying disorder of 
defecation in the solitary rectal ulcer syndrome. 


The solitary rectal ulcer syndrome (SRUS) is a condition characterized by the 
presence of a benign abnormality of the rectum in persons who have a long history 
of straining during defecation. Although the term “solitary rectal ulcer syndrome” 
has gained wide acceptance, it is a misnomer. Only 35% of cases have a solitary 
ulceration of the rectal wall. Twenty-two percent have several ulcerazions, and 
43% have no ulcers at all [1]. However, the rectal abnormality has specific histologic 
features: (1) replacement of the lamina propria by fibroblasts typically arranged at 
right angles to the muscularis mucosae and (2) marked thickening of the muscularis 
mucosae [2]. Definitive diagnosis of the syndrome therefore can be made only on 
rectal biopsy. 

The syndrome is caused by two disorders of defecation: rectal intussusception 
and the spastic pelvic floor syndrome. During the act of defecation in persons with 
intussusception, the proximal rectal wall invaginates in the distal porton of the 
rectal lumen or in the anal canal and fills the entire ampulla. This gives the person 
a sensation of incomplete emptying of the rectum, often combined with a feeling 
of obstruction. During hard straining, the obstructive sensation increases, but the 
efforts are nonproductive because the rectum is empty [3]. Invagination of the 
rectal wall causes stretching of submucosal vessels, ischemia, and ulceration [2]. 

The spastic pelvic floor syndrome is a condition characterized by failure of 
relaxation of the puborectal muscle during defecation [3]. Consequently, the anal 
canal is obstructed by a persistent contraction of the muscle that makes it 
impossible to expel the rectal contents. This inability to empty the rectum gives the 
person a continuous sensation of fullness and leads to repeated straining. As a 
result, prolapse of the anterior rectal mucosa develops causing ischemia and 
ulceration. 

To evaluate these defecation disorders, defecography was performed on five 
patients with histologically proved SRUS. 
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Subjects and Methods 


From March 1985 to August 1986, three men and two women (age 
range, 19-72 years) had sigmoidoscopic findings of erosive and 
ulcerative lesions on the rectal wall. In conjunction with a history of 
Straining and rectal bleeding, these findings were suggestive of SRUS, 
which was confirmed by biopsy. All five patients had defecation 
disorders; four had increased frequency of bowel movements asso- 
ciated with straining and a persistent feeling of incomplete rectal 
evacuation. The fifth complained of rectal tenesmus. Rectal bleeding 
occurred in four, and one had excessive discharge of mucus. All 
patients reported having stool of varying consistency. 

On sigmoidoscopy, three cases had a single ulcer on the anterior 
wall of the rectum. In one case, multiple circumferential ulcers were 
Surrounded with edema, whereas in the remaining case, the only 
finding was an erosion on the posterior rectal wall. All lesions were 
localized within 10 cm from the anal verge. Four of the five patients 
had air-contrast barium enemas performed within 7 days after endos- 
copy. The study was normal in two. One patient had a stricture of 
the rectum. The fourth patient had slight widening of the presacral 
space. 

Defecography was performed on all patients as follows. Before the 
examination, the bowel was cleansed with a single saline enema. The 
contrast medium was prepared by adding 50 g of a suspending agent 
(Carbopol 934 P, Goodrich, London, U. K.) to 5 | of barium sulfate 
(Liquid Polibar, E-Z EM Co., Westbury, NY). The solution was mixed 
gradually with 340 ml of sodium hydroxide until a thick paste of pH 
7 was formed. Three hundred milliliters of the paste were injected 
manually via a syringe through an anal catheter inserted into the 
rectum while the patient was lying on his or her left side. To perform 
the examination, a cylindrical plastic radiolucent pot with a diameter 
of 40 cm and a height of 24 cm was used. To minimize the radiation 
absorption differences between the soft tissue of the pelvis and the 
air below, three motor-scooter tires filled with water were placed in 
the pot. The table of a remote-controlled fluoroscopic unit was 
brought to the vertical position, and the pot was placed on the 
footplate of the table. Radiographs were made while the patient was 
sitting on the pot in a lateral position. During defecation, the motility 
of the anorectal region was observed by means of fluoroscopy, and 
radiographs were obtained by using a 100-mm camera and an 
exposure rate of 1 frame/sec. 

Mahieu et al. [4] defined the normal events that occur during 
defecation, and these normal parameters were used. In normal sub- 
jects at rest, the angle between the long axes of the anal canal and 
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the rectum ranges between 65° and 134° (mean, 92°) (Fig. 1A). On 
straining, the anorectal angle increases to 105°-164° (mean, 136°) 
(Fig. 1B). On the posterior margin of the anorectal junction, a smooth 
impression is caused by a contracted puborectal muscle (Fig. 1A). 
During defecation, the anorectal junction descends an average of 2 
cm [5]. This is measured by drawing a line from the anorectal junction 
to the inferior margin of the femur head (Figs. 1B and 2). In normal 
subjects, the margin of the anorectal wall remains straight without 
indentations (Fig. 1). 


Results 


In all five patients, the anorectal angle at rest was normal 
on defecography (Fig. 2A). In two patients, during straining 
the angle increased insufficiently by 6°, and a persistent 
impression of the puborectal muscle at the posterior wall of 
the anorectal junction was seen (Fig. 2B). 

In three patients, the anorectal angle increased sufficiently 
during straining; however, defecography showed infoldings of 
the rectal wall deepening progressively to form a rectal intus- 
susception (Fig. 3B). All three patients with rectal intussus- 
ception underwent rectopexy, whereby the mesentery and 
the muscularis of the rectum were secured to the sacrum. 
Two remained free of symptoms, and on sigmoidoscopy the 
rectal mucosa appeared smooth without ulceration. In one 
patient, the symptoms recurred 9 months after surgery. Re- 
peat sigmoidoscopy showed inflamed mucosa with superficial 
ulcers. On defecography, evidence of recurrent intussuscep- 
tion was present. 


Discussion 


SRUS is a condition consisting of rectal lesions caused by 
defecation disorders and characterized by specific histologic 
features. The changes in the rectum are benign and usually 
are localized on the anterior wall within 10 cm from the anal 
verge. Straining and rectal bleeding are the most common 
manifestations. Although the gross changes in the rectum 
vary, the histologic findings are typical. 

The relationship between SRUS and defecation disorders 


Fig. 1.—Normal defecogram. 

A, At rest, smooth impression on posterior wall 
of anorectal junction represents contracted pubo- 
rectal muscle (arrow). Anorectal angle measures 
92°. 

B, During straining, puborectalis relaxes, ano- 
rectal angle widens to 130°, and anorectal junction 
descends 2 cm, measured from inferior margin of 
femur head (vertical dashed line with arrows). An- 
orectum becomes funnel-shaped, allowing pas- 
sage of barium. Note also smooth contour of ano- 
rectum. 
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Fig. 2.—Defecogram shows:spastic pelvic floor 
syndrome in 66-year-old man with rectal tenesmus 
and rectal bleeding. Barium enema was normal. 
Rectoscopy revealed an ulcer in anterior rectal 
wall. Biopsy showed changes specific for solitary 
rectal ulcer syndrome. 

A, At rest, anorectal angle measures 90°, and 
anorectal junctien is 3 cm below inferior margin of 
femur head (vertical dashed line with arrows). 

B, During straining, puborectal sling does not 
relax, and impression of muscle is maintained 
(arrow). Anorectal angle increases only slightly to 
96°, despite adequate straining, as seen by 1.5- 
cm descent of anorectal junction, measured from 
inferior margin ef femur head (vertical dashed line 
with arrows). Note incomplete opening of anal 
canal and no evacuation of boius. 


Fig. 3.—Solitary rectal ulcer syndrome in 19- 
year-old man with a history of frequent defecation, 
straining, a sense of incomplete evacuation, and 
rectal bleeding. 

A, Anteroposterior radiograph shows circular 
narrowing of distal rectum (arrows). 

B, During straining, defecoaraphy shows infold- 
ings on anterior and posterior rectal wall, forming 
an intussusception (arrows). 


has been reported recently by Kuypers et al. [3] and Mahieu 
[6]. In the series reported by Kuypers et al., of 19 patients 
with histologically proved SRUS, 12 had rectal intussuscep- 
tion, and five had spastic pelvic floor syndrome. Mahieu 
reported that 79% of 43 patients with SRUS had intussus- 
ception of the rectum and 9% had dysfunction of the pubo- 
rectalis muscle. In a series of 51 cases of SRUS reported by 
Martin et al. [1], 46 cases (90%) had excessive straining at 
stool and difficulty with rectal evacuation, and 59% showed 
rectal prolapse. 

Other reports also have suggested an association between 
SRUS and rectal prolapse [7, 8], especially when healing of 
the ulceration occurred after surgical correction [1, 7]. The 
mechanism of ulceration is thought to be pressure necrosis, 
when the apex of the prolapse impacts in the anal canal. 
Rectal prolapse through the anus is observed easily on phys- 
ical examination. However, clinically, intrarectal intussuscep- 
tion is not identified easily. Both barium enema and endoscopy 
are static examinations and fail to detect this abnormality. 
Intussusception of the rectal wall is a functional disorder 
occurring during defecation, and the diagnosis can be made 
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only with the aid of a dynamic examination such as defecog- 
raphy. 

Other reports have shown that 60% of the intussusceptions 
occurred in the anterior wall [1] and that 68% of the rectal 
abnormalities in SRUS were located on the same site [9], so 
an association between these two conditions seems highly 
probable. The findings in our series support this contention. 
Three cases with pathologically proved SRUS had intussus- 
ception of the rectal wall on defecography. In two cases, the 
ulcers healed after surgery, whereas in one case, the lesions 
recurred when the intussusception recurred. 

Dysfuncton of the puborectal muscle is thought to be 
another underlying mechanism causing the rectal lesions in 
SRUS. The puborectal muscle is a component of the pelvic 
floor musculature. It originates from the pubic bone, extends 
posteriorly, and encircles the posterior anorectal wall to insert 
on the pubic bone on the opposite side. The muscle is in a 
state of contraction during rest and is important in the main- 
tenance of continence. The anorectal angle is a result of the 
contraction of the puborectalis muscle. 

During defecation the puborectal muscle relaxes. On defe- 
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cography this event can be observed as a diminution of the 
impression of the puborectalis muscle on the posterior wail 
of the anorectal junction and by an increase in the anorectal 
angle. in some patients, however, the puborectal muscle 
remains contracted despite effective straining. As a result, 
the contracted muscle acts as a valve and occludes the anal 
canal, preventing the passage of barium. This mechanism 
was observed in two of our cases. The pathogenesis of SRUS 
in the spastic pelvic floor syndrome is not fully understood. 
Some reports have suggested that because of repeated 
excessive straining prolapse of the anterior rectal mucosa 
develops, causing trauma and ulceration [3, 9]. In our two 
cases, we were unable to make this observation. 

Surgical division of the puborectal muscle was disappoint- 
ing in patients with the spastic pelvic floor syndrome [10]. 
Relaxation training may be an appropriate form of treatment 
[3], although our patients did not benefit from this therapeutic 
approach. The results of double-contrast barium enema in 
our series were nonspecific in two of four cases. 

We think that in patients with defecation disorders and a 
history of rectal bleeding, defecography is indicated to detect 
the functional anorectal components of SRUS. 
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Case Report 





Ruptured Pancreatic Pseudocyst: Extension into the Thigh 


Dale J. Lye,’ Ron H. Stark,” Gerald M. Cullen,’ and Joseph F. Wepfer’ 


A panereatic pseudocyst may rupture into the peritoneal 
cavity, an abdominal viscus, or the retroperitoneum with 
extension in either a supradiaphragmatic or subdiaphragmatic 
direction [1-6]. Pseudocyst extension has been reported in 
the pelvis, mediastinum, pleural space, and even the neck (1, 
3, 5, 6]. We present a case in which a pancreatic pseudocyst 
ruptured into the retroperitoneum and dissected along the 
iliopsoasemuscle into the left thigh as far as the knee. 


Case Report 


A 62-year-old man was admitted with acute abdominal pain and a 
serum amylase in excess of 12,000 units. A diagnosis of acute 
pancreatitis was made and the patient was treated conservatively for 
several days during which the pain gradually subsided. Sonography 
revealed edema and enlargement of the pancreas and cholelithiasis. 
CT showed moderate edema of the pancreas with some areas of 
loss of pancreatic outline. Since the patient was not on medication 
and had no history of alcohol abuse, a diagnosis of pancreatitis 
caused by gallstones was made. A cholecystectomy was performed. 
A postoperative CT revealed a large phlegmon involving the body 
and tail of the pancreas without evidence of a discrete pseudocyst. 
The patient was discharged in stable condition. 

Approximately 1 month after discharge, the patient was readmitted 
with marked edema of the left thigh. A clinical diagnosis of deep 
venous thrombosis was made. Venography confirmed a small throm- 
bus in the popliteal vein. When treatment with heparin failed to reduce 
the swelling, a follow-up CT was performed. This showed a pancreatic 
pseudocyst with extension into the left lower quadrant of the abdo- 
men, thedleft hemipelvis, the left gluteal region, and the left thigh as 
far as the knee (Fig. 1). Examination of aspirated fluid from the thigh 
revealed an amylase content greater than 12,000 units. Surgical 


drainage of the pseudocyst was performed through the lesser sac 
and left lower quadrant. Drains were placed into the pseudocyst 
cavity, the retroperitoneum, and the left upper thigh. 

The patient improved steadily as the size of the thigh decreased. 
Serial outpatient CT scans showed gradual resolution of the pseu- 
docyst. The patient’s last CT scan, made approximately 5 months 
after his initial presentation, revealed essentially complete resolution 
of the pseudocyst. There was only mild enlargement of the body of 
the pancreas with slight loss of the pancreatic outline. 


Discussion 


With rupture of a pancreatic pseudocyst, pancreatic fluid 
dissects along the anatomic pathways and bouncaries that 
provide the path of least resistance. The lesser sac and the 
anterior pararenal space are the most common sites of extra- 
pancreatic fluid collection [4, 5]. When rupture of a pseudo- 
cyst occurs into the anterior pararenal space, further exten- 
sion of fluid into the iliopsoas compartment may occur [4]. 
The inferior portion of the anterior pararenal space commu- 
nicates freely with the posterior pararenal space that borders 
the iliopsoas compartment and allows an alternate path for 
spread of proteolytic fluid [4]. The iliopsoas compartment 
passes beneath the inguinal ligament where the fascial bound- 
aries join the fascia lata of the thigh and provide a conduit 
into the lower extremity [7]. Fascial investments of the su- 
perior gluteal arteries provide additional pathways to the 
buttocks and hips. Thus, fluid is readily able to dissect along 
the gluteal, quadriceps, and sartorial fascial planes, eventually 
terminating within the tendinous insertions anterior to the 
patella [7]. 
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Reports of extrapancreatic fluid collections extending into 
the pelvis and involving the groin or scrotum have been made 
[4-6]. We were unable to find previous reports on extension 
of pancreatic pseudocysts into the thigh. The extension of 
the pancreatic pseudocyst to the level of the patella in this 
case was proved by CT, by the presence of an elevated 
amylase level of the aspirate taken from the thigh, and by 
reduction of the lower-extremity swelling after surgical drain- 
age of the pseudocyst. There was no involvement of the leg 
distal to the knee by either CT or clinical examination. The 
fluid extension may have been arrested at the time of read- 
mission or perhaps, as has been suggested, an equilibrium 
may have been established between the volume of secretions 
produced in the pancreas and the amount of secretions 
absorbed from the fluid collection [5]. 
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Fig. 1.—CT scans in patient with ruptured 
pseudocyst of pancreas with extension into left 
thigh as far as the knee. 

A, CT of abdomen shows large bilobed pan- 
creatic pseudocyst extending from medial edge 
of duodenum to spleen. Smaller component in 
pancreatic head should not be mistaken for a 
dilated common bile duct. 

B, CT scan of pelvis shows multiple cystic 
structures within left hemipelvis and posterior of 
iliac bone. 

C, CT scan of lower thigh shows a large focal 
extension of pseudocyst along anterolateral 
muscles. 

D, CT of knee shows inferior extent of pseu- 
docyst about retinaculum of knee. 
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Case Report 





Splenic Trauma During Colonoscopy 


Errol Levine’ and Louis H. Wetzel 


Fiberoptic colonoscopy has become a routine investigation 
in the diagnosis and treatment of many colonic diseases. 
Complications are few and consist mainly of colon perforation 
and hemorrhage [1, 2]. Injuries to other viscera such as the 
spleen and liver are exceedingly rare and are not generally 
recognized as potential complications of colonoscopy. Con- 
sequently, diagnosis of such injuries is often delayed and 
made only at laparotomy [3-6]. We report a patient with 
splenic trauma caused by colonoscopy in whom the diagnosis 
was established by CT. 


Case Report 


A 62-year-old woman complained of bright red blood in her stool. 
Previous surgery included an antrectomy and Billroth | anastomosis 
and a cholecystectomy. Initial laboratory data included hemoglobin, 
14.3 g/dl; hematocrit, 44.7%; and normal prothrombin and activated 
partial thromboplastin times. Colonoscopy was done without difficulty 
and the entire colon was visualized. A 1-cm benign adenomatous 
polyp at the rectosigmoid junction was removed with a snare and 
four 3-mm hyperplastic polyps were removed from other sites in the 
colon by using a hot biopsy forceps. 

The patient developed abdominal pain on her way home after 
colonoscopy. Abdominal examination the next day revealed left upper 
quadrant tenderness. Plain radiographs showed no evidence of a 
pneumoperitoneum. Her hemoglobin had fallen to 9.9 g/dl and her 
hematocrit had fallen to 30.1%. Abdominal CT showed a splenic 
injury (Fig. 1). Laparotomy revealed a hemoperitoneum and dense 
upper abdominal adhesions. After lysis of adhesions, examination of 
the spleen showed subcapsular and perisplenic hematomas and a 
splenic laceration. A splenectomy was done without complication. 





Fig. 1.—CT without contrast enhancement shows high-density (79 H) 
subcapsular (arrow) and perisplenic (open arrow) hematomas. Blood (ar- 
rowheads) around liver has attenuation value of 54 H. S = spleen. 


Discussion 


Two surveys of complications associated with nearly 
13,000 colonoscopies do not cite any instances of splenic 
trauma [1, 2]. We found only four case reports of this com- 
plication [3-6]. With difficult intubations, the spleen may 
sustain direct injury during manipulation of the cclonoscope 
through the splenic flexure [3]. Alternatively, as probably 
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occurred in our patient, dense adhesions between the colon 
and spleen may exert traction on the spleen during passage 
of the colonoscope resulting in capsular laceration. This was 
the supposed mechanism of injury in a previously reported 
patient with colonic Crohn disease in whom colonoscopy was 
done without difficulty [4]. Laparotomy showed splenic and 
hepatic lacerations, multiple ruptured vascular adhesions be- 
tween the transverse colon and the liver and spleen, and a 
hematoma of the transverse mesocolon. In two other reported 
cases of splenic injury, colonoscopies were done without 
difficulties and no predisposing factors to splenic injury were 
found [5, 6]. 

As in our patient, the other reported patients all developed 
abdominal pain within 24 hr after colonoscopy [3-6]. How- 
ever, the diagnosis was often delayed for as many as 3 days 
and was established by laparotomy in three patients [4-6] 
and by angiography in one [3]. A splenectomy was done in 
each case. CT provided the correct diagnosis in our patient 
and permitted immediate treatment. Accordingly, if there is 
no clinical or radiographic evidence of colon perforation or 
hemorrhage, CT should be done early in evaluating any 
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patient with persistent abdominal pain and fall in hematocrit 
after colonoscopy. CT is highly accurate for detecting splenic 
injury and, by showing the extent of hemoperitoneum, can 
help determine whether laparotomy is necessary [7]. CT can 
also show other rare complications of colonoscopy such as 
hepatic injuries and mesenteric hematomas. 
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False-Positive CT Diagnosis of 
Gallstones Due to Thickening of 
the Gallbladder Wall 





An erroneous CT diagnosis of cholelithiasis was made at our institution during the 
past year in seven patients who had thickening of the gallbladder wall. In all cases the 
mucosa, which had a high attenuation value, was misinterpreted as a calcified stone, 
and the low-attenuation thickened submucosa was misinterpreted as intraluminal bile 
surrounding the stone. Depending on the attenuation of the actual intraluminal bile, the 
pseudostone appeared peripherally calcified (five patients) or uniformly calcified (two 
patients). 

Careful analysis of the position and configuration of a suspected stone and of the 
outer margin of the gallbladder can help avoid an incorrect CT diagnosis of gallstones 
when high-attenuation thickened mucosa simulates a gallstone and low-attenuation 
submucosa looks like surrounding bile. 


Sonography is the most accurate imaging technique in the evaluation of sus- 
pected cholelithiasis. Because of this, CT is rarely used as a primary imaging 
procedure to identify or exclude gallstones. However, gallstones are frequently 
identified on CT scans of the abdomen performed for other reasons. The sensitivity 
of new-generation scanners in 79%, while the specificity is 100% [1]. Maintaining 
this high specificity is important, since false-positive diagnosis of cholelithiasis can 
lead to unnecessary Surgery. 

A potential pitfall in the CT diagnosis of cholelithiasis has been encountered 
recently at our institution in patients with gallbladder wall thickening. This report 
explains how gallbladder wall thickening can result in a false-positive diagnosis of 
gallstones and describes the means of avoiding this error. 


Materials and Methods 


The patient population consisted of seven patients (from over 1500 patients undergoing 
abdominal CT scans between July 1986 and July 1987) in whom initial evaluation of abdominal 
CT scans suggested gallstones, but subsequent sonograms showed no evidence of stones. 
The ages of the patients (four men and three women) ranged from 26 to 62 years. The 
indications for CT were upper abdominal pain in two, abnormal liver function tests in three, 
hepatomegaly in one, and pancreatitis in one. In three patients, non—contrast-enhanced scans 
were performed. In four patients, incremental dynamic scans were obtained using bolus 
injection of 150 ml of 60% diatrizoate contrast material. 


Results 


In all seven cases, the CT scan showed a structure having the same attenuation 
as fluid in the gallbladder fossa. In five cases, a ring of increased attenuation was 
located centrally within this structure. This ring was less prominent in the non- 
contrast-enhanced scans (Fig. 1) than in the contrast-enhanced scans (Fig. 2). In 
each case, a peripherally calcified gallstone completely surrounded by bile was 
suggested on the initial CT interpretation. Sonography was performed after the CT 
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examination; diffuse gallbladder wall thickening was seen 
without gallstones in all five cases. 

In a sixth patient, there was a central region of diffuse 
increased attenuation. In this patient, the central region was 
minimally higher in attenuation than the outer region and a 
slightly calcified gallstone completely surrounded by bile was 
suggested (Fig. 3). Sonography in this patient showed gall- 
bladder wall thickening and sludge, but no gallstones. 

In the seventh case, a central region of markedly increased 
attenuation was present (Fig. 4). The possibility of a densely 
calcified gallstone completely surrounded by bile was consid- 
ered; however, recognition of opacified intrahepatic ducts also 
raised the possibility that the patient had undergone a recent 
cholangiogram with contrast opacification of the gallbladder 
lumen. A sonogram showed gallbladder wall thickening with- 
out stones, and when the patient’s previous films became 
available, it was determined that an ERCP had been per- 
formed on the day before the CT examination. 

Analysis of these seven cases showed three consistent 
findings. First, in all cases the pseudostone was in the center 
of the gallbladder and appeared to be completely surrounded 
by bile. Second, analysis of multiple contiguous levels showed 
that pseudostones were elongated along the long axis of the 
gallbladder. Finally, in all seven cases it was not possible to 
identify a discrete, measurable gallbladder wall in its expected 
position at the periphery of the gallbladder. 

These findings suggest that the ring of increased attenua- 
tion resulting in the pseudostone appearance represents the 
inner or mucosal layer of the gallbladder while the peripheral 
region of decreased attenuation represents thickening and 
edema of the submucosal layers of the gallbladder. This was 
confirmed in one patient with coexisting cholelithiasis and 
gallbladder wall thickening. In this patient, the sonogram 
showed mobile gallstones that layered on the dependent wall 
of the gallbladder (Fig. 5A). The CT showed calcified stones 
layering on the dependent aspect of the central ring (Fig. 5B). 
The central ring in this patient was identical in appearance to 
the central ring that caused the pseudostone appearance in 
the seven previously described patients. The fact that the 
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Fig. 1.—On nonenhanced CT scan, galiblad- 
der wall thickening simulates a peripherally cal- 
cified gallstone. 

A, CT scan shows thickened gallbladder wall 
(curved arrow) having attenuation value similar 
to that of ascites (A). Ascites could be distin- 
guished from gallbladder wall by analysis of 
multiple contiguous levels. Unenhanced gall- 
bladder mucosa (straight arrow) simulates a 
gallstone. 

B, Sonogram shows gallbladder wall thicken- 
ing but no gallstones. 


stones were shown to contact the inner (i.e., mucosal) layer 
of the gallbladder on sonography and the central ring on CT 
proves that the central ring (i.e., the pseudostone) does 
correspond to the gallbladder mucosa. 


Discussion 


The difficulty in analyzing thickened gallbladder walls on 
CT arises from the low attenuation value of the thickened 
submucosal portion of the gallbladder wall. This results in an 
appearance of fluid. If the gallbladder mucosa, which main- 
tains its normal attenuation value and enhancement charac- 
teristics, is interpreted as representing the entire gallbladder 
wall, then the submucosal portion of the wall is presumed to 
be outside the gallbladder and an erroneous diagnosis of 
pericholecystic fluid can be made. This potential pitfall has 
been previously reported in four patients by Goldstein et al. 
[2]. However, if the low-attenuation gallbladder wall is inter- 
preted as fluid (i.e., bile) within the lumen of the gallbladder, 
then the gallbladder mucosa appears as an intraluminal struc- 
ture. This results in the pseudostone appearance. 

In the five cases of pseudostones in which the true intra- 
luminal bile was of fluid attenuation, the CT appearance was 
of a central, low-attenuation gallstone with a peripherally 
calcified rim. In the one case in which the true lumen of the 
gallbladder contained higher-attenuation bile (sludge on so- 
nography), the resulting appearance was one of a uniformly 
minimally calcified gallstone. In the last case, the lumen of the 
gallbladder was opacified by a recent cholangiogram, and the 
resulting appearance was of a densely calcified stone. Bara- 
kos et al. [1] have documented recently that true stones can, 
and frequently do, have patterns of calcification identical to 
these three pseudostone patterns. Therefore, other diagnos- 
tic signs must be used to avoid this pitfall. 

One helpful sign is the difference in shape between stones 
and pseudostones. While true stones may be variably shaped 
and faceted, their dimensions in orthogonal planes are roughly 
similar. Therefore, the cephalocaudal dimensions of a true 
Stone, estimated by analysis of contiguous CT sections, 
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Fig. 2.—On enhanced CT scan, gallbladder 
wall thickening simulates a peripherally calcified 
gallstone. Contrast-enhanced gallbladder mu- 
cosa (straight arrow) simulates a gallstone. Ap- 
parent calcification appears denser than on 
unenhanced scan of a different patient (Fig. 1). 





Fig. 3.—Gallbladder wall thickening associ- 
ated with sludge. Sludge-filled gallbladder lumen 
(straight arrow) simulates a minimally calcified 
stone, while thickened gallbladder wall (curved 
arrow) simulates normal intracholecystic bile. 
Ascites (A). 
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Fig. 4.—Gallbladder wall thickening associ- 
ated with opacified bile. Opacified gallbladder 
lumen simulates a densely calcified gallstone 
(straight arrow), while thickened gallbladder wall 
(curved arrow) simulates normal intracholecystic 
bile. Ascites (A). 


Thickened gailbladder wall (curved arrow). 


Fig. 5.—Coexistent stone and gallbladder 
wall thickening. 

A, Sonogram shows gallstones (open arrow) 
and gallbladder wall thickening (closed arrows). 
Stones were mobile and contacted inner (mu- 
cosal) layer of gallbladder wall. 

B, CT scan showing calcified stones (open 
arrow) contacting the higher-attenuation ring 
(closed arrows), which in our patient population 
accounted for the pseudostone sign. This con- 
firms that the high-attenuation ring seen on CT 
does, in fact, represent the inner or mucosal 
layer of the gallbladder. 


should be similar to the transverse diameter measured on a 
single section. On the other hand, since pseudostones are 
formed by the gallbladder mucosa, they have a more oval, 
elongated configuration and their estimated cephalocaudal 
dimension is greater than their transverse dimension. 
Another helpful sign is the difference in position of pseu- 
dostones and true stones. Because most true stones have a 
specific gravity greater than that of bile, they sink to the 
dependentjortion of the gallbladder. Because pseudostones 
are completely surrounded by the thickened gallbladder wall, 
they appear to float in the center of the gallbladder lumen. 
The final clue that differentiates true stones and pseudo- 
stones is the appearance of the outer margin of the gallblad- 
der. In the absence of gallbladder wall thickening, all layers in 





the gallbladder wall are closely apposed and form an identifi- 
able peripheral rim on most CT scans. However, when the 
gallbladder wall is thickened and edematous, as in the case 
of pseudostones, the gallbladder mucosa is displaced cen- 
trally, away from the outer rim; because of this, the outer 
margin merges with the pericholecystic structures without an 
identifiable intervening wall. Unfortunately, nonvisualization of 
the gallbladder wall is not helpful, since this occurs in cases 
of pseudostones and in cases of true stones when the gall- 
bladder is distended. In fact, given the high frequency of true 
stones, nonvisualization of the gallbladder wall associated 
with suspected cholelithiasis will occur more frequently with 
true stones than pseudostones. However, visualization of a 
normal, measurable gallbladder wall at the periphery of the 
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gallbladder is helpful since it excludes the presence of wall 
thickening and confirms that an apparent stone is a true 
stone. 

In summary, gallbladder wall thickening may result in an 
erroneous diagnosis of cholelithiasis on CT. Careful analysis 
of the position and configuration of the suspected stone and 
of the outer margin of the gallbladder should allow one to 
accurately differentiate true stones from pseudostones. In 
questionable cases, sonography can be used to differentiate 
cholelithiasis from gallbladder wall thickening. 
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Percutaneous Transhepatic _ 
Balloon Dilatation of Benign Biliary 
Strictures 





Between February 1981 and June 1984, 15 patients with benign biliary strictures were 
treated with percutaneous transhepatic balloon dilatation. Three of these patients had 
received liver transplants. The treatment began with a course of balloon dilatation 
therapy, after which a stent catheter was left across the stricture. Six weeks later, after 
duct patency had been shown by cholangiography, the stent catheter was removed from 
all but two patients, both of whom had intrahepatic sclerosing cholangitis. After this 
procedure, six patients (40%), including two liver-transplant patients, were stricture- 
free after one treatment for periods ranging from 27 to 56 months, and were considered 
to be treatment successes. Nine patients (60%) suffered stricture recurrences. In eight 
of these patients, the stricture was heralded by symptoms of either cholangitis or 
jaundice; in one patient, who was on permanent catheter drainage, the stricture was 
discovered only on follow-up cholangiography. All successfully treated patients had only 
one stricture, while all patients with more than one stricture suffered recurrences. Our 
data also suggest a greater responsiveness for anastomotic strictures than for non- 
anastomotic strictures. Of the patients with recurrences, five had symptom-free intervals 
of 23 months or more (up to 31 months). The fact that strictures recurred after such long 
periods of time underscores the importance of long-term follow-up. 

In view of the number of patients helped, the favorable experience with post-liver- 
transplantation strictures, and the lack of any major complications in our series, percu- 
taneous biliary balloon dilatation offers a viable alternative to surgical management of 
benign biliary strictures. 


Until a few years ago, surgery was the only available treatment for biliary 
strictures. Recently, percutaneous biliary balloon dilatation (BBD) has been used 
at several centers for the nonsurgical treatment of benign biliary strictures [1-6]. 
Important features of our series are (1) the long patient follow-up, (2) the relatively 
large number of patients treated at a single center, and (3) the inclusion of patients 
who had received liver transplants. We present our experience with 15 patients 
treated by BBD. 


Materials and Methods 


Fifteen patients met the study criteria by having one or more benign strictures and a 
minimum observation period of 12 months since completion of the initial BBD treatment cycle. 
Thirteen patients were women and two were men. The patients ranged in age from 31 to 81 
years. 

All the patients in the study had had previous hepatobiliary surgery. The operations 
performed included cholecystectomy (with or without primary ductal or biliary-enteric anas- 
tomosis), liver transplantation, and hepatic trisegmentectomy. Three patients had sclerosing 
cholangitis and had undergone cholecystectomies. Because of the history of surgical manip- 
ulation, their extrahepatic duct strictures were considered to be iatrogenic, rather than caused 
by sclerosing cholangitis. 

The strictures were designated as (1) duct anastomotic, (2) biliary-enteric anastomotic, and 
(3) duct nonanastomotic. The “duct nonanastomotic” designation was given to any stricture 
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that occurred at a nonanastomotic site, even if the patient had an 
anastomosis. 

Ail the patients in the series had single, extrahepatic duct strictures, 
except for three patients who had more than one treated stricture. in 
two of these patients, the treated strictures were intrahepatic. The 
other patient had two extrahepatic duct strictures. 

The usual clinical presentation of bile duct obstruction is cholangi- 
tis, which was the case in 12 of the 15 patients. The three patients 
without symptoms of cholangitis were the patients who had received 
liver transplants. They presented with abnormal liver function tests. 
The differentiation between transplant rejection and bile duct obstruc- 
tion is clinically difficult, especially given that these patients are on 
immunosuppressive medication. Imaging studies in these three pa- 
tients showed intrahepatic duct dilatation, which presumably is evi- 
dence of an anatomically significant distal duct stricture. It should be 
noted that 12 of 15 patients had intrahepatic duct dilatation. The only 
ones who did not were the patients with sclerosing cholangitis. 

There were seven patients with anastomotic strictures: three with 
Strictures at a primary ductal anastomosis and four with strictures at 
a biliary-enteric anastomosis. Eight patients had nonanastomotic duct 
strictures. 

One post-transplantation patient had a nonanastomotic stricture, 
whereas the other two post-transplantation patients had anastomotic 
strictures. 

The technique of BBD is as follows. A percutaneous transhepatic 
cholangiogram is performed, and a drainage catheter is inserted to 
bridge the stricture. Usually, a minimum delay of 2 days is allowed 
between insertion of the drainage catheter and the first BBD session. 
Before BBD, as with biliary drainage catheter placement, the patient 
is treated with broad-spectrum antibiotics. 

A balloon is positioned across the stricture over a guidewire. It is 
then inflated three times for 15 to 20 min per inflation at the maximum 
allowable pressure for the balloon. Most of the patients in our series 
were treated with oider-type balloons that could only be inflated to 
an approximate maximum of 5 atm (5.05 x 10° Pa). More recently, 
high-pressure balloons have been used. 

The balloon diameter is chosen on the basis of the estimated 
diameter of the adjacent nonstrictured bile duct. Starting with balloons 
that are slightly smaller than the estimated diameter of the normal 
duct, progressively larger diameters are used on successive days of 
dilatation. Typically, a 6-mm balloon is used initially; then 8-mm, 10- 
mm, and possibly 12-mm balloons are used. Rarely have larger 
balloons been used. Usually, the same-diameter balloon is used for 
all inflations performed during one day. After the dilatation is con- 
cluded, a biliary drainage catheter is reinserted across the strictured 
segment. 

A BBD “session” designates a single day on which three balloon 
inflations are performed. Usually, a 1-day rest period is allowed 
between individual sessions. A BBD “cycle” consists of a group of 
two or three BBD sessions clustered within a 5-8 day period. After 
the last session in a BBD cycle, an 8.3- or 10-French drainage catheter 
is left in place across the stricture for 6 weeks. The catheter is capped 
for internal drainage before the patient is discharged. The drainage 
catheter is removed after confirming anatomic lumen patency on a 
cholangiogram. in two of the three patients with sclerosing cholangi- 
tis, the drainage catheters were never removed because of concern 
that reentry into the patients’ nondilated, diseased ducts might not 
be possible in the event of a restricture. In some patients, biliary 
pressure measurements were obtained, though not routinely. 

Follow-up information after BBD has been obtained from subse- 
quent hospital visits, direct telephone contact with the patients, and/ 
or contact with the referring physicians. Total follow-up is measured 
from the time the drainage catheter was removed after the initial BBD 
cycle. In those patients whose catheters were never removed, total 
follow-up is measured from the time of the last session of the initial 
BBD cycie. 
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Results 


Six (40%) of 15 patients were treated successfully. Treat- 
ment was considered successful if patients remained stric- 
ture-free after one BBD cycle. Included in this group was a 
patient who had underlying sclerosing cholangitis and a com- 
mon bile duct stricture. The stricture was presumed to be 
related to surgical injury during cholecystectomy and common 
duct exploration. She received a liver transplant 36 months 
after BBD, necessitated by hepatic failure due to progressive 
intrahepatic sclerosing cholangitis. Her drainage catheter was 
never renoved after BBD. Nonetheless, she is considered a 
BBD success because, at surgery, the previously treated 
commor bile duct was still patent. All other patients in this 
group héve been stricture-free for periods ranging from 27 to 
56 montas without further treatment; four of these have been 
Stricture free for 42 months or more. Four (67%) of six 
success‘ully treated patients had anastomotic strictures. 

The nne remaining patients who experienced temporary 
relief followed by restricture enjoyed symptom-free intervals 
of varying length. The symptom-free interval is defined as the 
time perod between the removal of the drainage catheter 
after a B3D cycie and the discovery of a restricture. This time 
period serves as a measure of symptom remission after BBD. 
In any ore patient with multiple recurrences, there have been 
large differences between the longest and shortest symptom- 
free intervals. In all but one patient, stricture recurrence was 
heralded by symptoms of cholangitis or jaundice; one patient 
had sclesosing cholangitis and had never had her drainage 
catheter “emoved. Her restricture was discovered on routine 
follow-up cholangiography. Six (67%) of the nine patients with 
restrictur2s had nonanastomotic strictures. 

Five patients with temporary relief followed by restricture 
enjoyed symptom-free intervals of 23 months or more. One 
of these patients had been symptom-free for 31 months after 
the initial BBD cycle before restricture occurred. One of the 
post-transplantation patients has been stricture-free for 31 
months, but only after a second BBD cycle that was neces- 
Sitated by a restricture 4 months after the first BBD cycle. 

There were two patients in the restricture group whose 
course differed from that of the other patients. One patient 
died from progressive liver failure. She had initially presented 
for liver t-ansplantation, but was deemed ineligible because 
she was 67 years old. The other patient had four restrictures 
after the initial BBD cycle, and the symptom-free intervals 
were so short that she finally underwent surgical revision of 
her duct. 

The complications of BBD were minor. These consisted of 
pain during balloon inflation and hemobilia after BBD. The use 
of lidocaine, directly instilled into the biliary tree immediately 
before baiioon inflation, in conjunction with IV hydromorphone 
(1-2 mg), appears to almost eliminate the pain of dilatation. 
The hemcbilia, in our experience, has been self-limited, and 
has never necessitated transfusion. 

it should be noted that often the dilated stricture did not 
appear to have improved on the immediate post-BBD cholan- 
giogram, sut significant improvement was seen on the pre- 
BBD cholengiogram of the subsequent session. This phenom- 
enon is probably attributable to acute edema of the duct 
immediately after dilatation. 
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Discussion 


Benign bile duct strictures are generally a postoperative 
complication. in a series of 2665 noncancerous biliary stric- 
tures, 1539 (58%) of these were due to surgical trauma [7]. 
Most of the operations have been cholecystectomies, which 
was the case in 10 of our 15 patients. The advent of liver 
transplantation and extensive hepatic trisegmentectomies has 
created other sources of iatrogenic strictures. This was the 
case in five out of 15 patients, three of whom had received 
liver transplants, and two of whom had undergone hepatic 
trisegmentectomies. Surgery has been the traditional method 
of managing biliary strictures, and some authors have re- 
ported reasonably good repair rates [8-1 1]. However, restric- 
ture is a major problem. Recurrence rates have been reported 
as high as 45% for end-to-end anastomoses and as high as 
32% for biliary-enteric anastomoses [11]. Surgical bile duct 
repair has an associated mortality, reported to be as high as 
13%, and often results in loss of ductal tissue available for 
any subsequent revision. Also, surgical revision of proximal 
strictures near the porta hepatis is difficult and is nearly 
impossible in the case of intrahepatic duct strictures [11]. 
Thus, a nonsurgical technique that does not require general 
anesthesia is a significant addition to the available treatment 
options. 

Our results should be viewed in the context of the type of 
patients referred. Many of our patients had clinical and labo- 
ratory evidence of advanced liver disease. Five patients were 
actually referred for liver transplantation. Percutaneous BBD 
was performed as a last resort before proceeding to trans- 
plantation. In such patients, providing a relatively symptom- 
free interval, even if only for 6 months, should be considered 
worthwhile. The one death in the series was that of a woman 
who was initially referred for transplantation but who was 
disqualified on the basis of her age (67 years). Because of a 
long history of recurrent cholangitis, she had severely dam- 
aged liver function and died of progressive liver failure. 

Of the five patients referred for liver transplantation, two 
were suceessfully managed with only BBD. One of these two 
patients hac undergone a cholecystectomy 8 years earlier, 
followed by five subsequent failed surgical revisions of her 
hepaticojejunostomy. This patient has enjoyed the best result 
so far. She has been symptom-free for 56 months after one 
BBD cycie. The other patient referred for transplantation, but 
treated successfully with only BBD, had sclerosing cholangitis 
and progressive liver failure and responded to one BBD cycle. 
She has been symptom-free for 52 months. The one patient 
in the series who actually proceeded to liver transplantation 
is considered a BBD success because her previously stric- 
tured extrahepatic duct was widely patent at the time of 
transplantation 36 months after BBD treatment. 

Of the three patients with post-liver-transplantation stric- 
tures, two were treated successfully. Their strictures were at 
the choledochocholedochostomy anastomosis. The third 
post-transplantation patient had a nonanastomotic stricture. 
She restrictured 4 months after the initial BBD cycle. After a 
second cycle, she remains asymptomatic 31 months later. 
Thus, in this. patient, BBD has precluded the need for surgical 
revision. Because of the single restricture, she is included in 
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the temporary-relief-with-restricture category, rather than 
being considered a treatment success. 

That restricturing occurs is disappointing. However, of the 
nine patients who restrictured after BBD, five (56%) had 
maximum symptom-free intervals of at least 23 months. Thus, 
despite restricture, most patients in this group were helped 
for long periods of time by BBD. The importance of long-term 
follow-up is illustrated by the recurrence of a stricture after 
31 months. 

Although the numbers are small, our data suggest that 
patients with more than one stricture are more likely to have 
a recurrence. The three patients in our series (20%) with two 
or more strictures have all suffered more than one stricture 
recurrence. Also, our data suggest that anastomotic strictures 
are more responsive to BBD than are nonanastomotic stric- 
tures. 

We postulate that anastomotic strictures are localized nar- 
rowings caused by circumferential fibrosis, probably induced 
by wound-healing. Nonanastomotic strictures possibly arise 
as a result of ductal ischemia from a variety of causes, 
including inadvertent stretching or crushing during surgery 
[11] and hepatic artery occlusion [12]. The reason for the 
apparent reduced responsiveness of nonanastomotic stric- 
tures to BBD is uncertain, but it may be related to eccentricity 
of the stricture and/or thicker, more tenacious periductal 
fibrosis in the area of the stricture. 

There are unanswered questions concerning BBD tech- 
nique. The optimal length of time that the balloon should be 
left inflated across the stricture is unknown. We have arbi- 
trarily selected 15-20 min per inflation, repeating this three 
times, with several minutes of deflation in between. Salamo- 
nowitz et al. [4] have tried inflations lasting 24 hr. This raises 
the theoretical question of whether there is an increased risk 
of bile duct ischemia if the balloon is kept inflated beyond a 
certain time. Another unanswered question concerns the 
length of time a stent catheter needs to be kept across the 
dilated stricture. Warren et al. [11] suggest that a postoper- 
ative anastomosis should be stented for at least 6 months 
and preferably 1 year or more. Others have questioned 
whether long-term stenting may do more harm than good, 
even accelerating the process of restricture [6, 13, 14]. We 
have arbitrarily chosen to stent our patients for 6 weeks after 
the last BBD session of the cycle. Finally, how long need a 
patient be stricture-free before being considered “cured”? 
Despite the fact that one patient restrictured after 31 months, 
four patients who are currently stricture-free have been so 
for 42 months or more, and their outlook for continued 
stricture-free existence is probably good. One of these four 
patients, however, still has underlying sclerosing cholangitis. 
Longer follow-up in more patients is required to answer these 
questions. 

In conclusion, patients who have severe progressive he- 
patic failure or a history of multiple failed surgical anastomotic 
revisions can benefit from BBD, forestalling and sometimes 
obviating further surgical procedures or liver transplantation. 
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Percutaneous Ethanol Injection in 
the Treatment of Liver Neoplasms 





The effectiveness of percutaneous ethanol injection therapy was investigated in 30 
patients who had hepatocellular carcinoma (18 had a single lesion and 12 had multiple 
lesions). In patients who had a single lesion, ethanol injection was especially effective. 
Histopathologic examination, performed in nine cases in this group, showed that the 
tumor was completely necrotic in six cases, 90% necrotic in two cases, and 70% necrotic 
in the remaining case. In eight other cases with a single tumor, follow-up angiography 
showed complete disappearance of the tumor stain. In the other case, CT showed the 
nonenhanced low-density area. In the 12 patients with multiple lesions, ethanol injection 
was performed as part of an integrated treatment plan. Eleven were still alive at the end 
of the study (the mean follow-up period was 5.8 months). 

We conclude that ethanol injection may be a valuable treatment for hepatocellular 
carcinoma. 


Various imaging techniques such as sonography, CT, and angiography have 
been used successfully in the detection of liver neoplasms. Thus, more and more 
cases of hepatocellular carcinoma are being detected at an early stage by the 
screening of high-risk groups, such as HBs antigen carriers and chronic liver 
disease patients [1-4]. 

The resectability rate of hepatocellular carcinoma, however, has remained rather 
low, mainly because of underlying liver cirrhosis. Only 15% of the cases are 
resectable [5]. Also, the value of transcatheter arterial embolization for the treat- 
ment of unresectable cases [6, 7] is limited, and it is ineffective in cases with 
intercapsular or extracapsular invasion. Long-term survival rates of patients treated 
by arterial embolization is low; the 3- and 5-year survival rates are 15% and 6%, 
respectively [8]. Furthermore, arterial embolization cannot be performed in some 
cases because of technical reasons, iodine allergy, or severe liver dysfunction. 

Technical improvements in sonography have made it possible to perform per- 
cutaneous puncture of liver tumors more precisely and safely [9, 10], and sono- 
graphically guided percutaneous ethanol injection therapy of liver neoplasms has 
been introduced recently [11-13]. This report summarizes our clinical experience 
using this technique in 30 patients during a 1-year period. 


Subjects and Methods 


From December 1985 to November 1986, sonographically guided percutaneous ethanol 
injection therapy was performed in 31 patients with hepatocellular carcinoma at Mitsui 
Memorial Hospital. One patient was lost to follow-up. The effect of ethanol injection was 
investigated in the remaining 30 cases. The study group included 23 men and seven women, 
ranging in age from 39 to 76 years (mean, 58 years). Twenty-seven patients were diagnosed 
as having liver cirrhosis. According to the Child classification [14], seven were in class A, 12 
were in class B, and eight were in class C; the other three patients were diagnosed as having 
chronic hepatitis. Hepatocellular carcinoma was pathologically confirmed by fine-needle biopsy 
in all cases. 
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In cases with a single lesion, ethanol injection was indicated if the 
tumor was <5 cm in diameter. Eighteen patients were selected as 
candidates for the therapy. The lesions ranged from 0.8 to 4.6 cm in 
diameter. Six patients were treated by ethanol injection alone, while 
the other 12 were treated by a combination of ethanol injection and 
arterial embolization. Arterial embolization was not performed in all 
the cases either because hepatocellular carcinoma was not diag- 
nosed at the time of angiography (four cases) or because there were 
unfavorable anatomic variations in hepatic arteries (two cases). 

In cases with multiple lesions, ethanol injection was performed in 
12 cases in which arterial embolization had unsatisfactory results (10 
cases) or in which arterial embolization could not be performed 
because of arterial variations (one case) or iodine allergy (one case). 
One or two main lesions were treated by ethanol injection in each 
case. All the treated lesions were <5 cm in diameter. 

No patients had extrahepatic metastasis. The absence of ascites 
was confirmed by sonography. The prothrombin time, partial throm- 
boplastin time, and platelet count were routinely obtained before 
therapy. Informed consent was obtained from each patient. 

For sonographic guidance, a real-time, linear-array scanner (Model 
SAL-55AS, Toshiba, Tokyo) was used with a 3.5-MHz transducer for 
the puncture (GCE-406M, Toshiba). Commercially available 21- 
gauge, 15-cm puncture needles (Hanaco, Tokyo), suitable for sono- 
graphic guidance, were used for the tumor punctures. 

General guidelines for the volume of injected ethanol and the 
number of treatment sessions were as follows: 4 mi of 99.5% 
absolute ethanol were injected four times for lesions <2 cm in 
diameter; 6 ml were injected six times for lesions 2-3 cm in diameter; 
8 ml were injected six times for lesions 3-5 cm in diameter. However, 
we modified the volume and the number of injections depending on 
the patient's compliance and the location of the lesion. Ethanol was 
injected into the tumor at one or more locations. The injection was 
performed two or three times a week. 

In resected or autopsied cases, the specimen was histopathologi- 
cally examined to determine whether the tumor tissue had remained 
intact. In the other cases, the findings of the imaging techniques, 
especially angiography, and the level of serum alpha-fetoprotein were 
used to determine the effect of ethanol injection. Angiography was 
performed approximately 3 months after the therapy in most cases. 
If the tumor stain was found in follow-up angiography, additional 
injections were performed. 


Results 


Single Lesion Group 


Nine of the 18 cases in this group were histopathologically 
examined. Of the five cases treated by ethanol injection alone, 
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the tumor was completely necrotic in three and almost com- 
pletely (30%) necrotic in the other two. Among the four cases 
treated by the combination of ethanol injection and arterial 
embolization, the tumor was completely necrotic in three 
cases and 70% necrotic in the other. Histopathologic exami- 
nation also showed that a certain amount of surrounding 
tissue as well as the tumor itself was necrotic. The capsule 
was completely degenerated in all of these cases, and the 
extracapsular tissue (approximately 1 cm in width) was de- 
generated in most cases. In the three cases in which some 
portions of the tumor were found to be intact, the viable tumor 
tissues were left along the edge of the tumor or in portions 
isolated by septa. 

In eignt other cases, the effect of ethanol injection was 
angiographically evaluated. Follow-up angiography showed 
that the tumor stain had disappeared completely (Fig. 1). In 
two angiographically evaluated cases, fine-needle biopsy was 
also perormed, and all tumor tissue in the specimen was 
found to be necrotic. In the remaining case, CT indicated that 
the tumor itself and a certain amount of the surrounding 
tissue were not enhanced after administration of contrast 
material. 

Seven of the 18 patients had elevated levels of serum 
alpha-fetoprotein (more than 100 ng/ml); the levels decreased 
in all of these cases after ethanol injection. 

Small local recurrence of the tumor had been encountered 
in three cases by the end of the study (8 months later in two 
cases and 9 months in the other case). All three of these 
patients were subsequently treated again by ethanol injection. 
Fifteen (83%) of the 18 patients were still alive at the end of 
the study. Two patients died of hepatic failure 4 and 5 months, 
respectively, after therapy, and the other patient died of 
pneumonia 1 month after therapy. The mean follow-up period 
from the time of ethanol injection to the end of the study was 
7.8 months. 


Multiple Lesion Group 


Among the 12 cases in this group, pathologic evaluation 
was done in one. In this case, ethanol injection was performed 
only once and the patient died of aspiration pneumonia 1 
month later. At autopsy, the largest tumor (5.0 cm in diame- 
ter), which was treated by the combination of ethanol injection 


Fig. 1.—Hepatocellular carcinoma. 

A, Before ethanol injection, angiography shows 
tumor stain in right lobe (arrows). 

B, After treatment, tumor stain has completely 
disappeared (arrows). 
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and arterie! embolization, was found to be completely ne- 
crotic, while the second largest tumor (4.6 cm in diameter), 
which was treated by arterial embolization alone, remained 
almost intact. 

In eight other cases, the effect of ethanol injection was 
evaluated by angiography. The local effect of the therapy was 
seen in five cases. In the remaining three cases, CT showed 
the effect of ethanol injection. 

Six of the 12 patients had elevated levels (more than 100 
ng/ml) of serum alpha-fetoprotein. After ethanol injection, the 
levels deceased in three cases but increased in the other 
three. 

Eleven (92%) of the 12 multiple-lesion patients were still 
alive at the end of the study. The mean follow-up period in 
this group ‘rom the time of ethanol injection to the end of the 
study was-5.8 months. 


Changes c Features in Imaging Techniques 


Before ethanol injection, the lesion was hypoechoic in 16 
cases, isoechoic in one case, hyperechoic in nine cases, and 
heterogeneous in four cases. After repeated injections, how- 
ever, it wes isoechoic in one case, hyperechoic in 19 cases, 
and heterogeneous in 10 cases, and the margin became 
indistinct. Some lesions were accompanied by acoustic shad- 
ows. As a general tendency, hypoechoic tumors became 
hyperechcic and hyperechoic tumors became heterogeneous 
after several injections (Fig. 2). 

After repeated ethanol injections, CT showed the non- 
enhanced low-density area. Gas bubbles were observed in- 
side the lesion in approximately one-fourth of the cases (Fig. 
3). 


Side Effects of Percutaneous Injection Therapy 


Althougn most patients experienced severe pain at the 
moment af the injection, the pain was transient. Pain pre- 





Fig. 2.—+epatocellular carcinoma. 

A, Sonocraphy shows a hypoechoic lesion before ethanol injection. 

B, After-six injections, lesion has increased its echogenicity, with a portion becoming remarkably 
hyperechoic. (Arrows show margin of lesion.) 
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vented further injections in only two cases. Fever was present 
in some cases, but it was also transient and did not require 
any treatment. In one case, intraperitoneal hemorrhage oc- 
curred 2 days after the injection. The patient recovered with 
only conservative therapies. The change of liver function after 
ethanol injection was mild and transient. Encephalopathy, 
jaundice, or ascites did not occur. There were no deaths 
directly related to the therapy. 


Discussion 


The procedure was most effective in the 18 patients who 
had a single lesion. Histopathologic examination indicated 
that the tumor was completely necrotic in six of the nine 
cases. It also showed that a certain amount of the surrounding 
tissue, as well as the tumor itself, was necrotic, suggesting 
that ethanol injection can also be effective for intercapsular 
and extracapsular invasion. This form of extension is fre- 
quently found even in small hepatocellular carcinoma and 
limits the effect of transcatheter arterial embolization [15]. In 
the other cases, follow-up angiography showed complete 
disappearance of the tumor stain or CT showed the non- 
enhanced low-density area. These findings suggest almost 
complete necrosis of the lesion [16]. On the basis of these 
findings, ethanol injection could be curative in some cases. 
Long-term follow-up will reveal whether it is actually curative. 

In patients with multiple lesions, regression of the main 
lesions was found in nine of the 12 cases, which might 
suggest a more favorable prognosis. However, only a com- 
parison of the long-term survival rates between patients 
treated by ethanol injection and a control group would prove 
whether the therapy is effective. 

In terms of side effects or complications, the change in liver 
function after therapy was much milder in ethanol injection 
than in surgical resection or transcatheter arterial emboliza- 
tion. Thus, ethanol injection should be considered even for 
patients who are poor surgical risks. 

Intraperitoneal hemorrhage occurred in one case, in which 





carcinoma. After 


Fig. 3.—Hepatocellular 
ethanol injection, CT shows that a tumor in left 
lobe has become a nonenhanced low-density area. 
Small gas bubbles are seen inside lesion. 
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the tumor was located on the surface of the liver. Since it 
occurred 2 days after the injection, necrosis of the tumor 
rather than the puncture itself seems to have caused the 
bleeding. Puncturing of liver neoplasms with fine needles 
rarely causes massive bleeding [17, 18]. No deaths directly 
related to ethanol injection were encountered. 

We experienced no cases in which the puncturing of liver 
tumors might have resulted in metastasis or dissemination. 
Dissemination caused by fine-needle biopsy has been re- 
ported in renal cell cancer [19], pancreatic cancer [20], and 
other tumors. Although such a case has never been presented 
in liver neoplasms, implantation of malignant cells could be a 
complication. 

Percutaneous ethanol injection therapy is most effective in 
patients who have a single, smali (<3 cm in diameter) lesion 
of hepatocellular carcinoma. Histopathologic examination 
showed that, in all of our cases, there was an area at least 3 
cm in diameter that was almost completely necrotic. We think 
that, whenever possible, hepatectomy should have priority 
over ethanol injection because (1) a small part of the tumor 
remained intact in some of our cases treated with ethanol 
injection, and (2) the follow-up period was not of sufficient 
duration to confirm the value of ethanol injection. 

In larger tumors, it would be difficult to inject ethanol 
throughout the entire tumor. Furthermore, in such cases, 
intrahepatic metastasis frequently exists even if it is not 
detected by the imaging techniques. Also the value of ethanol 
injection would be limited in cases with multiple lesions. 

Further investigations are also necessary to determine how 
much ethanol should be injected at once, and how many 
injections should be performed in total. In the two cases in 
which only one injection was performed, the tumor was 
completely necrotic in one and 90% necrotic in the other. 
However, there were three cases in which some portions of 
the tumor remained intact even after the multiple injections. 
Since viable tumor tissues were found to remain along the 
edge of the tumor or in the portions isolated by septa, ethanol! 
should be injected not only into the center of the tumor but 
also into sites close to the edge. 

Ethanol injection should be combined with arterial emboli- 
zation for the treatment of cases with large or multiple lesions, 
since the effect of ethanol injection, which is only local, is 
limited in these advanced cases. The tumors in these cases 
frequently invade vessel systems, followed by intrahepatic 
metastasis. Specifically, the main tumor or tumors should be 
treated by the combination of ethanol injection and arterial 
embolization, while daughter nodules that cannot be detected 
by sonographic scans should be controlled by arterial embo- 
lization. 

Specific evaluation procedures are essential in order to 
determine whether the tumor has become completely ne- 
crotic. Angiography and CT with contrast enhancement will 
be most useful for this purpose [16]. In addition, repeated 
examinations at a certain interval are necessary to detect the 
growth of very small, undestroyed areas of tumor. Although 
the sonographic features of the tumor change after ethanol 
injection, further investigations are necessary to evaluate the 
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kinds of changes that represent necrosis of the tumor. The 
value of fine-needle biopsy, although it is definitely capable of 
indicating necrosis of the tumor, is limited since the tissue 
obtained by the biopsy does not always represent that of the 
entire tumor. 

Although further investigations are necessary to fully eval- 
uate the effect of the therapy, especially from the standpoint 
of long-term survival rates, it can be concluded that ethanol 
injection is a potentially valuable technique for the treatment 
of hepatocellular carcinoma. 
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Sonographically Detected Hepatic 
Hemangiomas: 


Absence of Change over Time 





Hepatic hemangiomas are the most common benign tumors of the liver and commonly 
present as incidental findings on sonographic examination of the abdomen. To chart 
more precisely the natural course of the sonographic appearance of hepatic heman- 
giomas, 47 patients with 68 hemangiomas were rescanned 1-6 years after the initial 
study. Fifty-six lesions (82%) showed an identical appearance on follow-up study. 
However, 12 (18%) of the lesions had an appreciably changed sonographic appearance. 
Three lesions could not be found, seven were less obvious (less echogenic), one was 
larger, and one smaller. 

This study shows that once hemangiomas are identifiable sonographically in adults, 
they have reached a stable size and change in size or appearance only rarely. They do 
not continue to grow slowly over time. Furthermore, this study also confirms that the 
sonographic appearance in the appropriate patient can differentiate these hemangiomas 
relatively reliably from metastases. 


Hepatic hemangiomas are frequently detected as incidental findings on sono- 
graphic examinations [1]. They have a characteristic echogenic, well-defined ap- 
pearance, and usually the diagnosis can be suspected at the time of the initial 
examination (Fig. 1). Numerous other imaging techniques are available for further 
evaluation [2-9]. However, in asymptomatic patients with no known malignancy, a 
repeat sonogram is usually sufficient [1, 8]. Although usually there is no apparent 
change, on occasion we have had difficulty imaging a hepatic hemangioma that 
had been easily identified previously. 

We performed a study in which we recalled all patients who had a previous 
sonographic diagnosis of hepatic hemangioma and obtained follow-up sonograms 
to determine if the lesions had changed in appearance, size, or detectability. In 
addition, we confirmed the benign nature of these lesions, thereby lending credence 
to the notion that sonography is specific in the diagnosis of hemangiomas. 


Subjects and Methods 


Of almost 20,000 abdominal sonographic examinations performed between July 1981 and 
June 1985, 137 patients had a sonographic diagnosis of hepatic hemangioma. Of these, 47 
patients agreed to return for repeat liver sonography. There were 13 men and 34 women: 
the average age was 58 years (range, 28-87 years). The follow-up time since the initial 
examination averaged 38 months (range, 13-71 months). Thirty-two of the 47 patients had 
solitary lesions, 11 had two lesions, two had three lesions, and two had four lesions, for a 
total of 68 hemangiomas. On the initial sonogram, 36 of the lesions were less than 2 cm in 
diameter, 27 were 2-5 cm, and five were larger than 5 cm. 

Of the 68 lesions identified at the time of the original examination, 60 had the classic 
brightly echogenic, well-demarcated appearance of a hemangioma. An additional eight pa- 
tients had nontypical appearances including hypoechoic areas as well as lesions that were 
entirely anechoic (Fig. 2). The original sonographic diagnosis of hepatic hemangioma was 
confirmed by MR imaging (16 lesions), hepatic angiography (three lesions), and dynamic CT 
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Fig. 1.—Typical small incidental hemangioma. 
Real-time sonogram through right lobe of liver 
shows 8-mm-diameter hemangioma that was un- 
changed in size or echogenicity over a 2'/2-year 
period. 


(13 lesions) in 20 patients. In the other 27 patients (36 lesions), the 
diagnosis of hemangioma was presumed on the basis of the combi- 
nation of classic sonographic features that did not change on repeat 
sonography 3-6 months after the initial examination, plus clinical 
follow-up of at least 1 year in all cases. 

The sonograms were obtained on real-time sonographic equipment 
(Diasonics mechanical sector scanner with a 3.5- or 5-MHz transducer 
or an Acuson 128 with a 3.5-MHz phased-array transducer). The 
original sonograms were obtained with an assortment of real-time 
mechanical sector scanners. Routine scanning techniques were used, 
and an effort was made to duplicate the plane of section and 
appearance and quality of the patient’s previous diagnostic exami- 
nation. 
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Fig. 2.—Longitudinal sonograms. 

A, One hypoechoic and one echogenic lesion are seen. 

B, 18 months later. No change in appearance of either lesion. Both lesions showed characteristic 
high-intensity signal on MR. 


Results 


Fifty-six of the 68 hemangiomas were entirely unchanged 
in comparison with the previous examinations (Fig. 3). Three 
typical lesions could not be found on the subsequent exami- 
nation. There was no explanation in the first patient (Fig. 4), 
but the second patient had gained 20 Ib (9 kg) since the initial 
examination (Fig. 5). The third patient had mediastinal lym- 
phoma and was treated with chemotherapy subsequent to 
the first examination and had regained over 40 Ib (18 kg) 
since the time of the first examination. In addition to the three 
lesions that disappeared, seven lesions appeared much less 





Fig. 3.—Longitudinal sonograms show typical echogenic hemangioma in 1980 (A), 1982 (B), and 1986 (C). Although lesion appearance has not changed, 
image quality has. 
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Fig. 4.—Lengitudina! sonograms. 

A, Characteristic 1.8-cm-diameter hemangioma 
in right lobe of liver. 

B, Repeat study shows no evidence of heman- 
gioma anywhere in liver and specifically in region 
where previously noted. 


Fig. 5.—Longitudinal sonograms. 

A, Typical hemangioma. 

B, Through the same region. No evidence of 
hemangioma is seen; however, liver has increased 
in echogenicity. The patient, a 35-year-old woman, 
had gained over 9 kg since A. 


A 


obvious (that is, less hyperechoic relative to the surrounding 
liver) on the repeat examination (Fig. 6). In all of the patients 
in whom the lesions had disappeared or were much less 
obvious, the examinations were performed meticulously with 
reference to the previous sonograms, and several different 
machines and sonographers were used. 

One patient, who hadipresented with two lesions, showed 
a decrease in size in one of the lesions from 2.75 to 2 cm, 
but the other lesion was unchanged at 1 cm. There was one 
patient in whom the hemangioma, which had been confirmed 
by both CT and MR, increased in diameter from 5 to 7 cm. 
This was eonfirmed on repeat CT examination. 

Of the t37 patients with a sonographic diagnosis of hem- 
angioma, follow-up information was available in 56 of the 90 
patients who did not return for a repeat study. Thirty-six were 
alive and well but were unwilling or unable to participate in 
the study. In two patients, the hemangiomas had been re- 
sected and confirmed at surgery. Eighteen patients had died, 
14 of them died with a malignancy. Unfortunately, most of 
these patients did not have a postmortem examination. How- 
ever, there was no definite case in which a lesion considered 
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a hemangioma was proved subsequently to be a malignancy. 
There was one autopsy-confirmed hemangioma. 


Discussion 


With the widespread use of sonography as a screening 
technique for a variety of abdominal conditions, hepatic hem- 
angiomas are being detected with increasing frequency as an 
incidental finding [1]. In asymptomatic patients, the question 
arises as to how much concern should be paid to the typical 
echogenic, well-demarcated hepatic lesion [10]. In our insti- 
tution, the only recommendation made after the incidental 
finding of such lesions is for repeat sonography in 3-6 
months. If there is a known or suspected primary malignancy, 
other studies, including fine-needle aspiration biopsies, are 
recommended. Nonetheless, follow-up sonography is fre- 
quently performed even when additional studies confirm a 
hemangioma in these patients, either to reassess the probable 
hemangioma or to assess another abdominal lesion. There- 
fore, we are frequently faced with trying to identify a previ- 
ously detected hemangioma in the liver. Fortunately, there 
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Fig. 6.—Longitudinal sonograms. 

A, Two hemangiomas (confirmed by MR), one 3 cm in diameter posteriorly and one 1 cm in 
diameter more anteriorly. Both show characteristic appearances for hemangioma. 

B, 2 months later. Echogenicity of both lesions is greatly decreased. In two subsequent follow-up 
examinations, 6 months and 112 years later, both lesions stayed the same and did not become 
progressively less echogenic. This patient had a proved renal cell carcinoma. 


usually is no difference in the appearance of the lesion in size. 
shape, or echogenicity. However, our results show that oc- 
casionally there may be a change in the appearance of one 
or more of these characteristics on the subsequent exami- 
nation. 

Hemangiomas are not thought to be neoplasms, but rather 
a congenital abnormality, consisting of networks of blood- 
filled sinuses lined by endothelial cells, with an abrupt demar- 
cation from normal liver parenchyma but without a capsule 
[10]. This accounts for the classic sonographic appearance: 
the dense echoes representing the multiple interfaces be- 
tween the walls of the sinuses and the blood within them. 
The enhanced through-transmission appreciated in many 
cases reflects the low acoustic impedance of the blood-filled 
spaces. Hemangiomas may undergo degeneration and fi- 
brous replacement [1], and this would explain the size de- 
crease in one of the hemangiomas in this series. Central 
degeneration or hemorrhagic necrosis may cause the de- 
creased echogenicity seen in part or completely throughout 
the hemangioma. In eight of the 68 hemangiomas seen in our 
Study, the initial appearance was of decreased echogenicity 
(Fig. 2). Earlier sonograms of these lesions might have shown 
the typical echogenic spot before degeneration or hemor- 
rhage. Furthermore, hemangiomas are rarely found in chil- 
dren. Therefore, they must appear, or at least grow, some 
time before their being demonstrated during adult life by 
sonography or another imaging technique. Thereafter, they 
presumably achieve a stable size and do not grow. This is 
confirmed by this study in that, of the 68 hemangiomas, only 
one was noted to have enlarged. It has been suggested that 
such an increase is not necessarily from growth but rather 
from ectasia of the vascular channels [10]. 

In those cases in which the hemangioma could not be found 
on the subsequent examination, every attempt was made to 


Fig. 7.—Longitudinal sonogram shows hypo- 
echoic halo around echogenic liver lesion, a bi- 
opsy-proved metastatic carcinoid tumor. 


try to detect it. In two of our cases in which the lesions could 
not be identified, increased echogenicity in the surrounding 
liver might have obscured the hemangioma. This could be 
due to fatty infiltration in the liver or to an increased overall 
noise level caused by reverberation from a greater amount of 
subcutaneous adipose tissue. No other examinations were 
performed in these patients, so, although we were fairly 
certain from the sonographic appearance alone that they were 
hemangiomas, they might have been some other type of rare 
reversible lesion such as a well-defined focal fatty infiltration 
[11]. One of these patients had a lymphoma and was on 
chemotherapy before the follow-up sonogram. Possibly, the 
hemangioma was a focal area of lymphoma that did, indeed, 
disappear. However, we consider this unlikely since lym- 
phoma in the liver tends to be hypoechoic [1 2]. Both of these 
patients had gained more than 20 Ib (9 kg) in the interval 
between examinations. On CT, diffuse fatty infiltration de- 
creases the density of the liver parenchyma, making the 
usually hypodense hemangioma appear isodense or even 
hyperdense [8]. Similarly, it is not surprising that a heman- 
gioma would be more difficult to detect sonographically in the 
presence of diffuse fatty infiltration. 

It was reassuring to note that none of the lesions diagnosed 
as a hemangioma in this series were proved to be a malig- 
nancy. While sonographic follow-up is all that is required for 
further evaluation of the incidental finding of classic hepatic 
hemangiomas, lesions that are atypical require further inves- 
tigation. In particular, a hypoechoic halo around the lesion 
(Fig. 7) is more suggestive of a metastatic lesion [13] than of 
a hemangioma. Although numerous other studies can be 
undertaken, if there is a suspicion that a lesion is a metastatic 
malignancy, we believe that the easiest and most straightfor- 
ward approach is to perform a fine-needle aspiration biopsy. 
There was formerly much concern in the literature about 
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percutaneous biopsy of possible hemangiomas (14, 15]; how- 
ever, in no confirmed case has a significant hemorrhage been 
related to a fine-needle biopsy of a hemangioma [16]. The 
only recommendation is that the biopsy route should traverse 
normal liver before entering a subcapsular lesion (17]. 

The most important aspect of the sonographic detection of 
hemangiomas in the liver is, of course, their differentiation 
from malignancy. This appears to have been successful in 


this series. Nonetheless,. since these patients are frequently. 


followed by repeat sonagraphy, our study has shown that 
most hemangiomas do aot change in size, appearance, or 
echogenicity, and when there is a change, it is rarely of the 
type that would increase:clinical concern. 
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Physics and Engineering of Medical Imaging. Edited by Riccardo Guzzardi. Boston: Nijhoff, 1012 pp., 1987. 
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In the fall of 1984, a NATO Advanced Study Institute, Physics and 
Engineering of Medical Imaging, was held in Maratea, Italy. The 
Institute focused on state-of-the-art technologies that are the bases 
of traditional imaging techniques, such as MR, CT, sonography, 
nuclear medicine, and positron tomography, and of potential tech- 
niques, such as biomagnetism and infrared and microwave radiome- 
try. In addition to papers that addressed the research and develop- 
ment of these techniques, the program included several contributions 
that described the then current state of clinical applications of the 
imaging methods. The Institute also addressed issues such as recon- 
struction techniques, two- and three-dimensional display, quality con- 
trol, archiving of medical images, market trends, and correlative 
assessment of imaging technologies. 

This book is the published proceedings of the Institute, and it is an 
equally ambitious project. The text consists of 65 papers and 12 
discussion summaries. Many of the papers have extensive illustra- 
tions and bibliographies. In the preface, the editor states that the 
papers “provide (a) the introduction on the basic principles, technol- 
ogy and medical criteria, applied in the design of a selected imaging 
system; (b) the description of the state-of-the-art instrumentation at 
research and industrial level; (c) the critical evaluation of the clinical 
applications together with the indication of limits and future needs; 
(d) the presentation of new concepts or prototype systems.” This 
statement reflects one of the shortcomings of the book; editing of 
several of the papers to improve their presentation in English would 
have improved the text. 

When evaluated according to the editor’s criteria, the book fails to 
measure up for at least three reasons. First, it is difficult to establish 
a common set of objectives and a standard approach for contributions 
from a variety of authors from different institutions and countries, 
especially when papers that address issues on the leading edge of 
research are desired. It is less work for an author to respond with an 
article that reviews current technology or with a manuscript that 
resembles lecture notes on the fundamentals of the technology. 
Several of the articles in the book have this orientation. 

Second, it is difficult to provide an even balance across all tech- 
nologies in a text of this type, and the book does not do so. Of the 


65 articles, 32 are concerned with nuclear medicine, with many 
devoted to single photon emission CT and positron emission tomog- 
raphy. Nuclear imaging is an important technique, but having 50% of 
the papers on this topic is an imbalance in a book that also covers 
radiography (including digital); sonography; CT; MR; several potential 
technologies; the fundamentals of reconstruction mathematics, image 
processing, and correlative imaging; and marketing concerns. For 
example, only four papers are devoted to MR imaging and none to 
fast-scan techniques or spectroscopy. 

Third, a text devoted to state-of-the-art developments in an evolv- 
ing field such as medical imaging rapidly becomes outdated. If a book 
is the proceedings of a conference, then it is essential that the book 
be published quickly. Publication in 1987 of papers from a meeting in 
1984 falls far short of this requirement. Consequently, several of the 
papers in the text already are dated significantly. 

Nevertheless, | enjoyed reading several papers in the book. Ex- 
amples include “A Short History of Modern Medical Imaging,” by 
Taube and Adelstein; “Image Analysis and the Method of Moments,” 
by Rescigno; “Future Directions in Ultrasound Imaging: A Critical 
Evaluation,” by Wells; “3-D Display,” by Todd-Pokropek; “Medical 
and Non-Medical Imaging: Cross-Fertilization,” by Cappellini; “Bio- 
magnetism: A Non-Invasive New Approach for Imaging of Bioelectri- 
cal Sources in the Human Body,” by Romani and Leoni; and “Potential 
Improvements in Instrumentation for PET,” by Derenzo. Several other 
papers also are worth reading. 

It is difficult to identify an audience for this book. For those involved 
in imaging research, the papers that should be of greatest interest 
are already out-of-date, and some are reviews that provide little new 
information. For the practicing radiologist, many of the papers are 
too technical and mathematical to be of much interest. The book will 
be useful in the libraries of departments that have graduate programs 
in medical physics and bioengineering, principally as a resource for 
lectures on topics of secondary interest to students and faculty. 
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Dynamic Display of the 
Temporomandibular Joint 
Meniscus by Using “Fast-Scan” 






MR Imaging 





In order to display temporomandibular joint (TMJ) images as a dynamic or motion 
study, a protocol was developed to obtain MR images of the TMJ in multiple phases of 
opening by using the “fast-scanning” capabilities of the GE Signa MR scanner. To 
facilitate this procedure a prototype device was also developed to passively open the 
patient’s mouth from resting (closed) to fully open in user-defined increments (minimum 
1 mm). MR imaging (surface coil) was carried out at each successive station using the 
GRASS, pulse-sequence data base of the GE Signa system operating at 1.5 T. Image- 
acquisition parameters were optimized in studies of cadavers and volunteers to obtain 
the clearest delineation of the TMJ meniscus and to determine any potential tradeoffs 
between total imaging time per slice (image quality), patient tolerance, and other 
practical considerations. For viewing, the images were sequentially placed in the video 
memory of the operating console and displayed in a back-and-forth-closed cine loop or 
“movie” mode at variable (operator-selectable) speeds. The dynamic sequences in four 
individuals were compared with static open- and closed-mouth views obtained with 
routine pulse sequences. Any single image from the dynamic display lacked the high 
resolution of the routine static images because of technical limitations of the pulse- 
sequence data base. However, in the movie mode the pertinent joint structures (such 
as meniscus and condyle) were clearly delineated, as were several of the important 
muscles of mastication. The anterior motion (translation) of the meniscus during jaw 
opening is particularly evident and suggests great potential for functional evaluation. 

These results show the feasibility of dynamic TMJ imaging with MR. The added 
information of the cine display potentially complements the routine static images and 
may prove extremely valuable in the assessment of TMJ dysfunction. 


MR Imaging is rapidly becoming a primary test for the evaluation of temporo- 
mandibular joint (TMJ) dysfunction [1-3]. Advances in surface-coil technology and 
other innovations in image-quality enhancement have led to excellent delineation 
of the soft-tissue anatomy within the joint. Despite these advances, one potential 
criticism of TMJ MR imaging is the lack of any significant ability to assess joint 
function dynamically. We have developed a new approach to this problem whereby 
“snapshot” MR images of the TMJ are obtained in sequence while the mouth is 
incrementally ratcheted open by an adjunctive device. We describe our experience 
in developing this technique and suggest further avenues of investigation. 


Subjects and Methods 


The study group consisted of four volunteers and one freshly thawed cadaveric head. All 
scans were obtained on a commercially available GE Signa MR imager operating at 1.5 T. 
Each individual was imaged in the supine position with a 7.6-cm round planar surface coil 
(operating in the receive mode) applied to the side of the face. The cadaver and all volunteers 
were initially imaged with our routine clinical protocol: open- and closed-mouth views; sagittal, 
multislice 3-mm sections; 12- to 16-cm field of view; 256 x 256 matrix; partial-saturation (PS) 
pulse sequence with 800- to 1000-msec repetition time (TR) and 20-msec echo time (TE); 
two excitations; and 8-kHz filter frequency cutoff. 
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The cadaver was then scanned in the closed-mouth position to 
determine the limitations of the gradient-recalled acquisition into 
Steady-state (GRASS) (“fast-scan”) pulsing sequence when imaging 
the TMJ and to compare identical sections by using the routine clinical 
protocol. The basic GRASS scanning parameters were as follows: 
Sagittal, single-slice 5-mm sections; 16.5-cm field of view: 256 x 256 
matrix; four excitations; TR = 21 msec, TE = 12 msec: 90° flip angle; 
8-kHz filter frequency cutoff; and flow compensation off. Variations 
of this pulsing sequence were tried, including (1) assessment of a 
balanced 256 x 256 matrix (field of view limited to 24 cm), (2) 
increasing TR from 21 to 75 msec, and (3) use of partial flip angles 
(30°, 50°, and 75°). This experimentation led to an arbitrary and 
Subjective choice of pulse parameters that were thought to be 
“clinically reasonable” for patient imaging (TR = 21 msec, TE = 12 
msec; 90° angle; 16.5-cm field of view; and four excitations). 

While the general imaging parameters were being worked out, a 
separate parallel project developed a device to incrementally open 
the subject's mouth in user-defined increments. The prototype device 
(MEDRAD, Pittsburgh) was made of nonmagnetic material and con- 
tained a ratchet and gearing mechanism that allowed for a 1-mm 
opening of its “jaws” by depressing the lever at the opposite end (Fig. 
1). The device was designed to be operated by the patient in the 
scanner on cue from the technologist. Incorporated into the design 
was a “quick-release” feature for rapid collapse of the jaws should 
the patient desire it. 

After producing localizing images to find a midjoint sagittal-slice 
location, the final protocol for dynamic imaging of the TMJ called for 
a closed-mouth image followed by a “relaxed-mouth” or slight incisor- 
separation image, with insertion of the opening device with sequential, 
rapid, single acquisitions (patient cued by technologist) to fully open 
or to patient tolerance. The entire data acquisition usually required 
no more than 2-3 min once the transmit and receive parameters had 
been set. However, during the initial stages of our experimentation 
and familiarization with this technique the entire examination time 
approached 1 hr per subject. This was subsequently shortened to 10 
min for one individual. 

To facilitate display, the entire sequence of images was loaded in 
order of acquisition into the video memory of the Signa console by 
using the “spatial mode” option of the display software. This function 
caused the images to be displayed as a “movie” by forward and 
backward automatic sequencing that repeated itself in a closed loop. 
The speed of the cine display is controlled by a track ball on the 
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console. In the “manual paging’ mode the speed and direction of 
display can be controlled by the track ball, effectively isolating any 
aspect of the motion for more critical evaluation. 


Results 


An initial comparison of GRASS vs routine protocol images 
on the cadaver (Fig. 2) showed a rough correlation with 
respect to the appropriate anatomic structures (such as me- 
niscus, temporal bone, condyle, and muscles). The fast-scan- 
ning sequences seemed to exaggerate the thickness of cor- 
tical bone, and in some portions of the joint, bone/soft tissue/ 
bone interfaces were indistinct, distorted, or obscured. There 
were also minor differences in the appearance of the retro- 
diskal tissues compared with the standard clinical sequences. 
The margins of the meniscus were certainly less distinct, 
perhaps in part because of the inherent inferior spatial reso- 
lution of the available fast-scanning protocol. 

Although the correlation between techniques was imper- 
fect, this was not thought to be a significant impediment to 
implementing the dynamic imaging concept with GRASS, 
especially considering that the anatomic-imaging correlation 
with clinically used pulse sequences is not completely ex- 
plained [4]. Figure 3 represents a panel of sequential static 
GRASS images from a dynamic study in a normal volunteer. 
The inferior/anterior sliding movement of both the condyle 
and meniscus (also referred to as excursion or translation) is 
clearly seen as the image sequence is followed back and forth 
across the rows. Unfortunately, this method of display is 
markedly inferior to the video mode and does not give one an 
appreciation of the integrated dynamic motion of the joint or 
the apparent ease by which rather poorly delineated struc- 
tures (on static images) are clearly defined when moving. 

Of the four volunteers in the study (three female, one male), 
three had no history of TMJ dysfunction or pain and demon- 
strated no abnormalities on either MR examination. One 
patient had findings suggesting possible internal derangement 
(partial anterior meniscus displacement with reduction) on the 





A B 


Fig. 1.—Device (A) used to passively open patient’s mouth for procedure. Tip end (white arrow) has grooved inset for positioning device between 
upper and lower incisors while patient lies supine in scanner. Depressing or squeezing levered end (black arrow) causes “jaws” to open in 1-mm 
increments (B). Each successful incrementation is accompanied by verifying audible “click” that can be monitored from control console through intercom 


system. 
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Fig. 2.—Freshly thawed cadaver. 

A, 3-mm sagittal slice of TMJ (facing 
left) obtained with partial-saturation 
pulse sequenee for T1-weighting. Me- 
niscus (arrows), condyle, retrodiskal 
tissues, and surrounding muscles are 
shown in high detail. 

B, GRASS ‘scan. Cortical bone of 
condyle appears “thicker” and more 
irregular in contour. Meniscus is much 
less prominent (arrows) in this image 
than in A. 


Fig. 3.—Panel of sequential GRASS 
images from dynamic study with con- 
dyle facing left. Images are in order of 
acquisition from left to right and top to 
bottom. Rotational and translatory 
changes of condylar position are cues 
as to how to view study. 

There is gress appreciation of mo- 
tion of condyle-and disk as they “slide” 
together. However, dynamic display 
(not shown) smoothly integrates im- 
ages into back-and-forth motion simu- 
lating opening and closing of the 
mouth. 

Cortex of temporal bone is poorly 
delineated, anc there are artifacts at its 
border with soft tissues of temporal 
fossa (white arrows). Meniscus is dif- 
ficult to identify in closed-mouth posi- 
tion but becomes more visible as con- 
dyle translates (black arrowheads). 

Superior head of lateral pterygoid 
muscle is indicated by black arrow, 
while the bright signals posterior to 
condyle (white arrowhead) represent 
blood flow in prominent venous plexus. 


standard MR examination. These anatomic findings were 
reproduced on the dynamic study with somewhat inferior 
spatial resolution. This individual had complained of some 
minor TMJ discomfort and joint “grinding” sounds in the past. 
However, she was asymptomatic at the time of examination 
and there were no significant clinical findings. 


Discussion 


“Standard” protocols in TMJ imaging with MR usually in- 
clude open- and closed-mouth static views that allow the 
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interpreting physician a limited ability to evaluate the dynamic 
nature of common abnormalities such as meniscus recapture 
(reduction), joint “clicks and pops,” and other abnormalities 
suspected of causing joint restriction. For some clinicians and 
other investigators of TMJ dysfunction, the lack of a method 
to depict TMJ motion might be considered a potential draw- 
back in the routine application of TMJ imaging with MR, 
particularly if they are proponents of videofluoroscopy during 
TMJ arthrography [5, 6]. 

Our initial approach to addressing this concern consists of 
rapidly acquiring tomographic TMJ sections (by using a “fast- 
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scan” protocol) while the jaw is passively opened in small 
increments by a specially constructed device placed in the 
patient’s mouth. The image sequence is then evaluated with 
commercially available dynamic display options that present 
the study as a “movie” on the console’s screen, giving the 
impression that the patient is opening and closing his/her 
mouth. 

Our experience suggests that this procedure is practical 
for introduction into the clinical environment and initially has 
generated enthusiasm from our clinical colleagues. However, 
many questions about the clinical efficacy and physiologic 
accuracy of this particular approach remain unanswered. 
Currently, the study only depicts the opening phase of jaw 
motion. The closing phase is simulated by the reverse se- 
quencing of the images, causing potentially misleading as- 
sumptions about joint dynamics. Further improvement in the 
protocol might call for a device that ratchets the jaw both 
open and closed, a feature that would not add excessive 
imaging time. It is also possible that passive movement of the 
jaw is not physiologically equivalent to the active movement 
in which the signs and symptoms of dysfunction are most 
evident. Currently, there is no rejoinder to this potential criti- 
cism, although future technologic developments in MR imag- 
ing may see the implementation of real-time imaging or “MR 
fluoroscopy,” whereby the nonperiodic active motion of the 
joint could be adequately recorded without the aid of any 
adjunctive devices and displayed without simulation. 

We are also concerned that fast-imaging schemes such as 
GRASS produce image artifacts that either degrade the image 
or cause misleading diagnoses. Magnetic susceptibility, 
chemical shift, and blood-flow artifacts are particularly prom- 
inent in the images we have made. In particular, choice of flip 
angle seems important with respect to both image quality and 
the perception of artifacts. The choice of TE may also affect 
the appearance of tissue contrast and artifacts, although this 
was not evaluated. In our opinion no single flip angle is best 
for dynamic imaging of the TMJ since there may be consid- 
erable variability in the quality of images from patient to patient 
despite the use of identical pulse parameters. Flip angles of 
10-30° seem to produce the most anatomically faithful and 
artifact-free studies when compared with standard or routine 
acquisitions. However, images produced with flip angles ap- 
proaching 90° appear to have greater contrast resolution with 
respect to the meniscus and surrounding bony structures. 
Therefore, we are constantly modifying our protocol for each 
procedure in order to obtain the best tradeoff between ac- 
quisition time, image quality, and artifact appearance. 

Despite problems with choosing a single or standard pro- 
tocol for application in all subjects, we were able to consist- 
ently produce images of acceptable quality with the various 
optimization schemes used in the four volunteer individuals. 
It is likely that in the near future absolute image quality 
(resolution, contrast, artifact reduction) will improve as soft- 
ware and hardware are refined further. 
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The “diagnostic” quality of this type of image acquisition 
remains in doubt (despite protestations of adequate structural 
delineation within the joint). Further controlled studies with 
documented abnormalities (e.g., confirmed by videoarthrog- 
raphy) need to be done that establish the relationship between 
the temporal resolution of this technique and potential dy- 
namic changes within the joint. Certainly, one goal (and test 
of “diagnostic quality”) of fast TMJ imaging will be to depict 
consistently the dynamics of the reducing meniscus or to 
document the source and/or timing of a joint click. It might 
be argued that the suggested “snapshot” or sequential im- 
aging method is still not fast enough to record these phenom- 
ena with adequate temporal resolution given that these 
changes can occur in an instant. However, we suspect that 
this method will be much better at temporally isolating path- 
logic joint dynamics and correlating them with the clinical 
findings than are the currently popular static methods. Again, 
these legitimate concerns are not fully addressed by our 
preliminary work, which primarily established the technical 
feasibility of one particular approach to dynamic imaging. 

in summary, this approach to generating a dynamic simu- 
lation of TMJ motion fulfills some of the promise of rapid 
imaging suggested by pioneering investigators and is feasible 
for routine application [7]. Despite legitimate concerns about 
clinical efficacy and physiologic accuracy, preliminary obser- 
vations suggest that the information gained from the dynamic 
study is complementary to that obtained from routine studies. 
Further improvements in technology may provide for better 
or more clinically appropriate methods of acquisition. 
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CT Arthrography of the Shoulder: Variations of the 


Glenoid Labrum 


Lawrence M. McNiesh' and John J. Callaghan? 


The importance of double-contrast CT arthrography in eval- 
uating the bony and soft-tissue structures of the shoulder is 
becoming established [7, 2]. The technique of shoulder ar- 
throscopy is emerging and the indications for its use are being 
appraised [3, 4]. Together, shoulder CT arthrography and 
arthroscopy may help the physician to decide which shoulder 
operation, if any, to perform and which approach to use. 
Several investigators believe that glenoid labrum abnormali- 
ties are a reliable indication of instability and that their identi- 
fication is useful in planning the best surgical approach for 
the unstable shoulder [2, 5]. For proper interpretation of 
double-contrast CT arthrography, awareness of the morpho- 
logic variations of the normal labrum is important. The purpose 
of this report is to illustrate these variations. 


Subjects and Methods 


Between October 1984 and March 1986, 72 double-con- 
trast CT arthrograms of the shoulder were performed. Most 
of these patients were referred either for instability problems 
(including multiple anterior dislocation, subluxation, and failed 
anterior shoulder repair) or because of confusion concerning 
the diagnosis. 

Double-contrast arthrography was performed by entering 
the glenohumeral joint at the junction of its middle and lower 
thirds with a 22-gauge, 3%2-in. (8.9-cm) spinal needle. Injection 





Fig. 1.—Scout view, double-contrast CT arthrogram of shoulder. Glenoid 
labrum is imaged on cuts 3 through 10. Note humerus is in external rotation. 


of 0.3 ml of 1:1000 epinephrine in 2.5-3.5 ml of diatrizoate 
sodium meglumine was followed by injection of 10-15 ml of 
room air. Plain-film, double-contrast arthrography was com- 
pleted before or immediately after CT scanning, depending 











Received April 27, 1987; accepted after revision July 13, 1987. 





The opinions expressed herein are those of the authors and are not to be construed as reflecting the views of the Uniformed Services University of the Health 


Sciences, the Department of the Army, or the Department of Defense. 


"Departments of Radiology, Walter Reed Army Medical Center, Washington, DC 20307-5001, and the Uniformed Services University of the Health Sciences, 
4301 Jones Bridge Rd., Bethesda, MD 20814-4799. Address reprint requests to L. M. McNiesh at Uniformed Services University. 
* Orthopedic Service, Walter Reed Army Medical Center, Washington, DC 20307-5001. 


AJR 149:963-966, November 1987 0361-803X/87/1495-0963 


964 McNIESH AND CALLAGHAN 
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Fig. 2.—Normal glenoid labrum. Normal anterior glenoid labrum usually is either smoothly rounded 
(A) or triangular (arrow in B). Posterior glenoid labrum (arrowheads in A and B) invariably has a 


round appearance. 
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Fig. 3.—Normal anterior labrum with cleaved 
appearance. Image shows an anterior labrum that 
is not smoothly continuous with articular cartilage 
of glenohumeral joint and appears to have contrast 
material entering its substance, creating a cleav- 
age plane between labrum and articular cartilage 
(arrow). 





Fig. 4.—Normal anterior labrum with notched 
appearance. Anterior labrum appears to have a 
notch (arrow) between it and glenoid articular 
cartilage. At arthroscopy it was redundant but 
not detached or torn. 


on scanner availability. Patients were positioned supine in the 
CT scanner with the humerus either externally rotated or in a 
neutral position. This allowed optimal imaging of the labrum, 
since the posterior labrum may not be coated with contrast 
material when the humerus is internally rotated. Contiguous 
3- to 5-mm-thick sections of the shoulder joint were obtained 
beginning superior to the humeral head and ending at the 
level of the axillary recess (Fig. 1). Nine to 12 images were 
obtained using a Picker 1200SX, GE 8800, or GE 9800 
scanner. Images were recorded on film by using an extended 
scale—window width of 2000-3000 H and a window level of 


Fig. 5.—Redundant anterior labrum. This ante- 
rior labrum (arrows) is large. Lack of a rounded or 
triangular configuration may be mistaken for an 
amputation. 


Fig. 6.—Normal anterior labrum. This small, 
irregular anterior labrum also appears notched 
(arrow). Arthroscopy confirmed a small anterior 
labrum with a sulcus between it and articular 
cartilage. Similar arthroscopic findings were 
seen in shoulders illustrated in Figs. 3-5. 


400-600 H. 

All variations of the glenoid labrum identified on double- 
contrast CT arthrography were subsequently verified by 
shoulder arthroscopy. 


Results 


Usually the anterior and posterior glenoid labrum are sym- 
metric and continuous with the glenoid articular cartilage. The 
posterior labrum is round, whereas the anterior glenoid is 
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A 


Fig. 7.—Superior aspect oftsubscapularis tendon when partially imaged 
may appear triangular (arrows in A) and may be mistaken for an avulsed 
anterior labrum. Contiguous, slightly inferior cuts reveal an intact tendon 
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(arrows in B and C) coursing through subscapularis bursa on the way to 
its insertion on lesser tuberosity. 





Fig. 8.—Deficient glenoid tabrum. This glenoid 
(arrows) has a normal configuration but is small. 


either round or triangular [1, 2] (Fig. 2). In three cases in this 
series, the normal anterior labrum appeared cleaved (Fig. 3), 
notched (Fig. 4), or redundant (Fig. 5). In these three cases, 
enlarged and redundant but intact anterior labra were noted 
at arthroscopy. Conversely, arthroscopy may reveal a small 
anterior labrum that may be mistaken on CT for a tear (Fig. 
6). An enlarged subscapularis tendon coursing through the 
subscapular bursa may be mistaken for a septum or, if 
partially imaged, for an avulsed anterior labrum (Fig. 7). A 
deficient glenoid is one that is symmetric but abnormally small 
on CT arthroscopy (Fig. 8). 


Fig. 9.—Other morphologic variants. Anterior glenoid labra, thin (arrow in A) or strangely shaped 
(arrows in B), that lack the classic appearance should not be mistaken for tears. 


Discussion 


Double-contrast CT arthrography is an accurate, easily 
performed technique to evaluate glenoid labrum abnormalities 
in patients with shoulder instability [5]. It Significantly aug- 
ments clinical evaluation and aids in the selection of the 
appropriate surgical reconstruction. 

Normal anatomy and pathologic changes of the glenoid 
labrum as seen on CT arthrography have beer depicted 
previously [1, 2]. Our experience indicates that the normal 
glenoid labrum varies radiographically in size and shape and 
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that its lack of a classic appearance may not indicate a labral 
tear. 

Johnson [4] has noted by arthroscopy three anatomic 
variations of the anterior labrum. In one variation, the articular 
cartilage of the glenoid is not deepened because the anterior 
labrum is nonexistent. We have not yet encountered this 
variant. In the second, the anterior labrum is small yet well- 
defined, similar to the deficient glenoid (Fig. 8). In the third, a 
large, well-developed anterior labrum frequently has a sulcus 
between it and the articular cartilage of the glenoid. Contrast 
material entering this sulcus may account for the radiographic 
appearance of the anterior labrum in Figures 3-6. Other 
morphologic variants (Fig. 9) that we have encountered are 
thought to represent variations of the well-developed anterior 
glenoid labrum. 
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Calcific Tendinitis in Unusual Sites 
Associated with Cortical Bone 
Erosion 





Five cases of calcific tendinitis with radiographic evidence of cortical bone erosion 
are presented. All five cases arose at unusual sites: two at the pectoralis major insertion 
on the proximal humerus, two at the insertion of the gluteus maximus, and one at the 
insertion of the adductor magnus. Biopsy was performed in four cases and revealed 
areas of histiocytic infiltration, amorphous spherules of calcification, and areas of giant 
cell reaction extending into the cortex. 

To our knowledge, calcific tendinitis presenting with radiographic evidence of bone 
erosion has not been reported previously. 


Calcific tendinitis is most familiar in its common site at the shoulder. The distal 
supraspinatus tendon is the most frequently affected location. Less common 
locations include the wrist, elbow, deltoid insertion, gluteus maximus, knee, and 
neck [1-7]. Clinically the syndrome produces local pain and tenderness. When 
seen in conjunction with these findings, the radiographic demonstration of soft- 
tissue calcification is usually diagnostic. 

Although it has been recognized pathologically and surgically [8], bone destruc- 
tion is not generally considered to be a feature of calcific tendinitis. We collected 
five cases of biopsy-proved calcific tendinitis that had radiographic evidence of 
cortical erosion beneath the soft-tissue calcification. In all cases, the finding of bone 
destruction raised the suspicion of neoplasm, necessitating biopsy. All cases of 
tendinitis occurred at unusual sites: two at the insertion of the pectoralis major, 
two at the insertion of the gluteus maximus, and one at the insertion of the adductor 
magnus. 


Materials and Methods 


Four patients were seen over a 2-year period; each had soft-tissue calcification adjacent 
to an area of cortical destruction. A fifth similar case was collected from our files. There were 
three women and two men. The average age was 51 years (range, 39-62). All patients had 
pain, accompanied in two instances by local tenderness. Symptoms had been present for 2 
weeks to 1 year. (In two cases, the duration could not be determined.) In each case a tumor 
was considered, either a juxtacortical chondroma or chondrosarcoma or a soft-tissue sarcoma 
with secondary bone invasion. 

All patients had plain films of the lesions, in two cases supplemented with tomograms. CT, 
radionuclide bone scanning, and MR imaging were each performed twice. Four of the five 
cases had biopsy proof of the lesion. 


Results 


Two lesions were found in the tendon of the gluteus maximus; two in the tendon 
of the pectoralis major; and one in the tendon of the adductor magnus (Figs. 1-3). 
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Fig. 1.—A, Radiograph of right hip shows ovoid lucency in proximal femur (arrows) with overlying amorphous calcific densities. 

B, Detail view from lateral tomogram shows cortical erosion (black arrows) and vague adjacent calcification (white arrows). 

C, MR image (repetition time = 2060 msec, echo time = 60 msec) shows focal low-signal area at insertion of adductor magnus muscle, corresponding 
to calcifications (arrow). Increased signal is present in large area of muscle, presumably representing edema. 

D, Low-power (x10) microscopic section shows two small, contiguous cavities with calcific deposits adjacent to cortical bone. 

E and F, Detail (x 125) sections show rounded, amorphous deposits of calcium surrounded by histiocytes, fibrous tissue, and giant cells consistent with 
caicific tendinitis both outside (E) and inside (F) cortex. 


Fig. 2.—A, Lateral radiograph shows small 
collection of amorphous calcification at surface 
of proximal femur. 

B, Cut gross pathologic specimen shows cys- 
tic area containing calcific material (white arrow) 
with penetration into cortex (black arrow). 
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A B 


Fig. 3.—A, =rental view, internal rotation, shows cortical erosion with 
adjacent amorphous Calcification. 

B, CT shows craterlike erosion with transcortical penetration at pecto- 
ralis major insertion. Note tapered appearance of calcification extending 
away from bore along course of muscle. 


Plain-film studies showed amorphous calcification adjacent 
to the cortex of the adjacent bone. Bone erosion was either 
shallow anc superficial or extended entirely through the cor- 
tex. Availabe radionuclide scans all showed increased up- 
take. CT scans showed no evidence of soft-tissue masses. 
The calcification sometimes appeared to taper away from the 
site of boneserosion like a “comet tail,” suggesting that it was 
in the distribution of a tendon. MR imaging showed T2 ab- 
normalities, which could be extensive within the affected 
muscle, butano evidence of mass effect. 

Macroscapic examination of the material obtained at sur- 
gery revealed white, pastelike material within multiple foci in 
degeneratee tendons. Microscopically, this took the form of 
calcific spherules surrounded by giant-cell reaction, histio- 
cytes, and fibrosis. The calcific globules were often sur- 
rounded by mononuclear and multinucleated giant cells con- 
taining phagocytosed material. Thin-walled blood vessels 
were present in proximity to the lesion. Inflammatory cells 
were conspscuously absent. A few small foci of woven bone 
were seen ia the intraosseous parts of the lesions. 


Discussion 


In a review of the literature, we found no cases of calcific 
tendinitis with radiographic evidence of underlying bone ero- 
sion. Berney [5] described a case of tendinitis of the gluteus 
maximus insertion showing “loss of a sharp cortical margin” 
of the adjaeent bone, although frank bone erosion was not 
described. "Vepfer et al. |4] reported three cases of gluteus 
maximus tendinitis, apparently none of which showed bone 
destruction In the German literature, Nidecker and Hartweg 
[6] reportec three cases of tendinitis at the insertion of the 
deltoid muscle and two more of gluteus maximus tendinitis. 
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Again, bone erosion was not described. In 1969 Moseley [9] 
Stated that, at surgery, he occasionally found intraosseous 
extension of calcium deposits at the greater tuberosity. The 
cavities measured 0.5-1.0 cm, but were not seen on radio- 
graphs. 

With the exception of the woven-bone formation, the path- 
Ologic findings in our cases are identical to reports in the 
literature [1, 9-11]. We believe that the woven bone repre- 
sents a repair phenomenon that results from bone involve- 
ment, and that it should not suggest any alternative diagnosis. 
The absence of neoplastic and inflammatory cells and the 
clinical presentation of a solitary painful lesion in an otherwise 
healthy adult with normal laboratory values also supports this 
conclusion. 

The pathophysiology of calcific tendinitis is not completely 
understood. Uhthoff and others [10, 11] proposed that the 
initiating event is hypoxia in the “critical area” of the tendon 
near its insertion. Hypoxia may be followed by fibrocartilagi- 
nous metaplasia of the tendon, with a propensity to calcify. 
The calcific debris is quite irritating to the tissues and can 
provoke pain and inflammation when injected into previously 
asymptomatic sites. Mononuclear cell infiltration with phago- 
cytosis of calcium appears to follow, and may correlate with 
symptoms. With eventual revascularization, the tendon may 
be reconstituted, although calcification may persist in asymp- 
tomatic individuals for prolonged periods. 

Bone resorption may reflect increased local vascularity and 
active inflammation at the tendon insertion. Alternatively, in 
patients without local tenderness, it may simply result from a 
pressure effect. All five examples of bone erosion occurred 
at sites that are atypical for calcific tendinitis. This suggests 
that there may be an anatomic predisposition to bone erosion. 
Perhaps the “critical areas” of these tendons are close to the 
bone, leading to a higher frequency of bone erosion. Alter- 
natively, the erosions may be due to the mechanica effect of 
pull from the muscle at the inflamed insertion. In support of 
this explanation is the fact that the five cases all occurred in 
large and relatively powerful muscles. 

The atypical location and presence of bone erosion may 
result in a misdiagnosis of malignancy. Several radiographic 
features may help distinguish between these entities. Identi- 
fication of tendon insertions on plain films or CT should lead 
to inclusion of calcific tendinitis in the differential diagnosis. 
The tapered configuration of the calcification seen in Figure 3 
conforms to the shape of the muscle insertion and would be 
unusual for tumor calcification. This “comet tail” is not invari- 
ably present but may be helpful if seen. The small size of the 
lesions and their lack of mass effect on CT and MR also favor 
calcific tendinitis, although the striking T2 changes on MR, 
probably due to inflammation, are nonspecific. In many cases, 
a firm radiologic diagnosis may not be possible. However, if 
the diagnosis of calcific tendinitis is considered, then overly 
aggressive surgical management may be avoided. 
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Case Report 





Postoperative Dislocation of a Total Hip Prosthesis Due to 


a Surgical Drain 


Brad J. Larson,’ Michael Zindrick,' Charles Schwartz,' and Terrence C. Demos? °’ 


Dislocation is the most common complication of total hip 
arthroplasty [1-4]. There are many causes of this complica- 
tion, ranging from an imbalance in the soft tissues (unequal 
muscle pull, ligament or joint capsule contraction) to malpo- 
sitioning of the femoral and/or acetabular prostheses. 

We report a dislocation resulting from the intraarticular 
migration of a wound drainage tube in the immediate post- 
operative period. 


Case Report 


A 69-year-old woman underwent total hip replacement for primary 
arthritis of the left hip. Femoral and acetabular components were 
cemented into position with strict attention to component position. 
The hip was reduced and feund to be stable throughout a full range 
of motion. Two 0.125-in. (0.31-cm) Snyder Hemovac wound drainage 
tubes (Snyder Laboratories, Dover, OH) were inserted deep into the 
wound and brought out threugh the anterolateral wound edge. Each 
polyvinyl chloride drain contains a 16-in. (40-cm) section of perfora- 
tions. When the drain is placed into the wound, the perforations allow 
the hematoma to drain into a suction reservoir outside the skin. Each 
tube has a radiopaque stripe running the length of the drain. The 
drainage tubes are pliable, allowing placement into all aspects of the 
wound, and are routinely used for all orthopedic procedures at our 
institution. The anesthetized patient was turned from the operative 
position to a supine position on the operating table. The surgeon 
then gently flexed the hip to evaluate the range of motion. Upon 
reaching 45° of flexion the hip dislocated posteriorly. The hip was 
reduced but was found to be unstable. Radiographs were immediately 
obtained in the operating room (Fig. 1). The radiographs showed a 


wound suction tube interposed between the acetabular and the 
femoral components. 

The appropriate drainage tube was identified and removed. The 
hip was then found to be stable through a full range of motion. Repeat 
radiographs were normal. The remainder of the patient's postopera- 
tive course was uneventful. 


Discussion 


The most common causes of dislocation of a prosthetic hip 
replacement in the immediate postoperative period are mal- 
position of the femoral and/or acetabular components or 
inadvertent extremes in joint position exceeding the mechan- 
ical stability of the prosthesis [2, 3, 5]. Other causes of 
dislocation include: retained fragments of methyl methacry- 
late, broken trochanteric wires, or a focus of heterotopic bone 
interposed between the acetabulum and the head of the 
femoral component, soft-tissue imbalance, trauma, impinge- 
ment due to excess methyl methacrylate or heterotopic bone 
around the rim of the acetabular component, and accumula- 
tion of fluid in the joint due to infection or inflammatory reaction 
[2, 5-7]. 

Retained fragments of broken tubing from suction wound 
drainage systems have been reported, but these fragments 
have not been reported to cause dislocation [8]. Our tubes 
were placed deep into the wound in the vicinity of the hip joint 
under direct visualization, but they were not wrapped around 
the femoral component or secured in any fashion. 





Received April 27, 1987; accepted after revision July 21, 1987. 





' Department of Orthopaedic Surgery, Loyola University Medical Center, 2160 S. First Ave., Maywood, IL 60153. Address reprint requests to C. Schwartz. 
2 Department of Orthopaedics, Loyola University Medical Center, 2160 S. First Ave., Maywood, IL 60153. 
3 Department of Radiology, Loyola University Medical Center, 2160 S. First Ave., Maywood, IL 60153. 


AJR 149:97 1-972, November 1987 0361-803X/87/1495-0971 © American Roentgen Ray Society 


972 LARSON ET AL. 





Fig. 1.—Anteroposterior view of left hip shows a 
posterior dislocation. A suction tube is deeply seated in 
acetabular component (arrow). 


Although caution was used in turning the patient, it is 
possible that the hip subluxed enough to allow one of the 
tubes to become wedged between the prosthetic components 
at the acetabular rim. When the hip was then flexed, the tube, 
perhaps acting as a fulcrum, caused the femoral component 
to dislocate. The tube then became deeply seated in the 
acetabular component and prevented stable reduction. 

Had the malpositioned tube not been identified as the cause 
of the dislocation and obstruction to relocation, the patient 
might have been subjected to unnecessary tests. Placement 
of the cup or femoral stem without regard to anteversion or 
retroversion can lead to joint instability. Postoperative meth- 
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ods for evaluation and measurement of anteversion and ret- 
roversion have been described [9, 10] but require additional 
radiographic analysis. If no error is found in the positioning of 
the prosthesis, then instability may be attributed to soft-tissue 
imbalance such as that found after a change in leg lengths or 
from residual spinal or general anesthesia. This may alter 
postoperative management, delaying physical tnerapy or re- 
quiring the use of a cast or abduction splint. Had the drain 
not been identified it might have been necessary to perform 
surgery again to explore the wound and openly reduce the 
joint. 
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Commentary 





The Status of Osteoradiology Fellowship Training in the 


United States 


Donald Resnick' and David J. Sartoris 


The availability of training in the form of a fellowship is 
indicative of the need for some radiologists to develop partic- 
ular expertise in specific areas that allows them to be effective 
consultants to clinical colleagues in corresponding medical 
and surgical subspecialties. Although not so well established 
as advanced training programs in certain other branches of 
radiology, fellowships in osteoradiology have been offered in 
the United States for more than 10 years. Recently, the 
number of such fellowships has increased, perhaps in rec- 
ognition of the unique language spoken by orthopedic sur- 
geons and rheumatologists. 

In an effort to evaluate the current status of osteoradiology 
fellowship training in the United States, we initiated a two- 
part questionnaire consisting of 25 specific items. The first 
part dealt with the application process and the fellowship 
candidates themselves; the second part concerned the struc- 
ture of the individual fellowship programs. The questionnaire 
was mailed to 204 programs in the United States that offered 
residency training in radiology. 

Responses were received from 147 (72%) of the 204 
programs. Of these 147, bone fellowship training currently is 
available in 18 institutions (12%) and was to be offered in the 
next 3 years by 15 other institutions (10%). 


Application Process and Candidates 


Osteoradiology fellowships in these institutions had been 
available for 1-14 years (average, 5.6 years). Twenty-three 
clinical fellowship positions were currently available, and an 


additional limited number of research osteoradiology fellow- 
ship positions were also being offered. The proposed fellow- 
ships were 1 year in duration in 16 of the 18 institutions; in 
two instances, a 6-month fellowship was available. Two re- 
sponses indicated that a 2-year period of study could be 
arranged if the applicant sought further training in musculo- 
skeletal diseases. The approximate annual salary of the os- 
teoradiology fellowships varied from $23,000 to $35,000 (av- 
erage, $31,000). 

Although variable in the past, 15 of the 18 programs now 
require that applicants complete 4 years of residency before 
starting the fellowship. The number of candidates for each 
fellowship position varied from two to eight candidates per 
position (average, 3.7). The program directors suggested that, 
on the basis of the number of applicants, interest in osteora- 
diology fellowships had increased (nine respondents), de- 
creased (three respondents), or remained unchanged (six 
respondents) in recent years. Eighty-six percent of the appli- 
cants were from the United States, 4% from Canada, and 
10% from other countries. Applicants were accepted 0-6 
months (five respondents), 6-12 months (five respondents), 
or 12-18 months (eight respondents) before the start of the 
fellowship. 

Approximately one-third of the fellows were chosen from 
the residency program in the same institution, and approxi- 
mately one-fifth were women. All clinical osteoradiology fel- 
lows had been radiologists, although research positions had 
been offered to individuals in other specialties such as rheu- 
matology, orthopedic surgery, and podiatry, as well as to 
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basic scientists and to PhD candidates. 

All of the respondents thought there was a continuing need 
for academic osteoradiologists, and approximately 60% be- 
lieved that a 1-year fellowship should be a prerequisite for 
this subspecialty. All but one respondent also perceived a 
need for trained bone radiologists in large community hospi- 
tais. Of the fellowship graduates, approximately 65% began 
an academic career after the training period. 


Structure of Fellowship Program 


Clinical activities occupied 25-75% of the fellow’s respon- 
sibilities (average, 57%), teaching activities represented 5— 
30% of these responsibilities (average, 21%), and research 
endeavors accounted for 10-50% of the responsibilities (av- 
erage, 22%). One to seven staff osteoradiologists (average, 
2.9) supervised the fellows 30-100% of the time (average, 
71%). 

The clinical experience of the osteoradiology fellows in- 
cluded routine radiography (100% of programs), conventional 
tomography (100%), CT (100%), arthrography (100%), MR 
imaging (100%), quantitative bone mineral analysis (76%), 
pediatric musculoskeletal imaging (76%), biopsy procedures 
(71%), scintigraphy (59%), tenography (59%), magnification 
radiography (53%), three-dimensional image analysis (35%), 
sonography (35%), myelography (12%), and angiography 
(12%). In rare instances, experience with discography, epi- 
durography, and/or positron emission tomography imaging 
was Offered. 

Attendance at 2-8 weekly conferences (average, 3.7) was 
required of the fellow. Clinical rotations in orthopedic surgery 
or rheumatology were not part of any of the fellowship pro- 
grams. 

With regard to anticipated changes in the fellowship pro- 
gram during the next 5 years, respondents mentioned in- 
creased experience in MR imaging (three respondents), three- 
dimensional imaging (two respondents), scintigraphy (one 
respondent), quantitative bone mineral analysis (one respond- 
ent), and biopsy procedures (one respondent), as well as 
decreased experience in angiography (one respondent). Two 
respondents indicated that orthopedic rotations would soon 
become a part of the fellowship program. 


Adequacy of Supply of Osteoradiologists 


The results of this questionnaire indicate that it would be 
possible to train as many as 23 osteoradiology fellows each 
year in the United States. This surprisingly large number, at 
first glance, would seem sufficient to ensure a continuing 
supply of trained individuals who could assume positions in 
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the various academic centers in the United States. The sig- 
nificant number of such centers that are currently seeking 
osteoradiologists suggests that the supply does not fully meet 
the demand, a situation that is explained by several important 
considerations. First, on the basis of responses to the ques- 
tionnaire and informal discussions with program directors, we 
estimate that each year approximately 30-60% of the avail- 
able fellowship positions are not filled. It should be noted that 
although there was an average of 3.7 candidates for each 
fellowship position, suggesting a surplus of individuals for 
every job, the same candidates were applying to many 
different programs. Second, on completion of the fellowship 
year, some of the fellows elected to begin work in another 
country, usually their country of origin. Third, as indicated in 
the responses, only about 65% of the fellowship graduates 
began an academic career after the period of training. The 
data on the other 35% of graduates are incomplete. There- 
fore, it would appear that each year six to 10 osteoradiology 
fellows enter academic medicine in the United States. It is not 
known what percentage cf the individuals assuming jobs in 
osteoradiology have had more limited (less than 1 year) or no 
fellowship training. 


Concerns Regarding Osteoradiology Fellowships 


One of the difficulties perceived by some program directors 
is the inconsistency regarding the duration of time between 
acceptance of a fellowship applicant and the start of the year 
of fellowship, particularly in a “market” in which the demand 
outweighs the supply. indeed, approximately 45% of program 
directors accepted qualified individuals 1 year or more before 
the beginning of the training period. Several respondents 
indicated that a more uniform selection process should exist 
and that a matching program, similar to that used in the 
selection of radiology residents, would be appropriate. 

Some of the respondents thought that standards should 
be established for institutions offering osteoradiology fellow- 
ships and that the standards should include guidelines re- 
garding the number of musculoskeletal examinations, the 
types of examinations, the types of patients, and the availa- 
bility of certain imaging methods. Only three respondents 
indicated that they favored the development of subspecialty 
examinations to document the expertise of the graduating 
fellows. 

Obviously, many questions regarding osteoradiology fel- 
lowship training in the United States remain unanswered. The 
length of time that is required, the role of the International 
Skeletal Society, and even the appropriate name of the sub- 
specialty (osteoradiology, bone radiology, or musculoskeletal 
imaging) remain controversial. 
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Standardized Endosonographic 
Evaluation of Prostate Cancer: 


Receiver-Operator-Characteristic Analysis 





A standardized endosonographic numeric method has been developed for the detec- 
tion of prostate cancer. Eighty-six men were examined with a 5-MHz, 96-element linear- 
array probe. Mean gray-scale amplitudes were produced by a semiautomatic method 
for periprostatic fat and regions of interest within the external portion of the prostate 
gland that were visually suspicious for prostate cancer. Mean gray-scale amplitude 
ratios of visually abnormal areas of prostate to periprostatic fat (Ap/Af) were calculated. 
Pathologic confirmation of disease was obtained in all patients. Three different numeric 
Ap/Af ratios were compared with digital palpation and subjective visual interpretation 
of sonograms. 

The numeric method resulted in a consistently higher specificity, accuracy, and 
positive predictive value when compared with palpation and subjective interpretation. 
The initial results suggest that this technique may also detect atypical hyperplasia. 


In evaluating the efficacy of any imaging technique, observer performance or 
“correctness” must be expressed in an appropriate manner. Otherwise the results 
of an experiment may be confusing or misleading. Terms commonly used to 
evaluate imaging tests are sensitivity, specificity, and accuracy. These terms, 
however, fail to account for the variability of the diagnostic criterion level. The 
diagnostic criterion level is the dividing line or “threshold” between declaring a test 
positive or negative. Although the diagnostic criterion level is directly controlled by 
tests that have numeric results, it is difficult to control in subjectively interpreted 
imaging tests [1, 2]. 

Subjective interpretation of prostate sonography has been performed without 
numeric quantitation or standardization [3-14]. It is known that the criterion levels 
of individuals making subjective interpretations vary from day to day (intraobserver 
variation). An even greater variation may exist in the criterion levels of different 
interpreters (interobserver variation) [1, 2]. Moreover, the use of different imaging 
techniques and equipment most likely contributes to interobserver variation. 

A standardized numeric method was established (1) to gain better control of the 
criteria used to diagnose prostate cancer, (2) to compare the numeric method with 
subjective interpretation and digital palpation, and (3) to illustrate the clinical value 
of formulating a receiver-operator-characteristic analysis. 


Materials and Methods 


This study was conducted over a 9-month period beginning in April 1986. Criteria necessary 
for entry into the study were pathologic confirmation of cancer by needle bicpsy of the 
prostate gland and written informed consent. Patients were referred to our laboratory in a 
random fashion by primary care physicians and urologists. Ninety men entered this study and 
were examined with a 5-MHz, 96-element, linear-array, intracorporeal probe. Seventy-eight 
patients had abnormal findings on digital examination and were considered candidates for 
prostate biopsy on clinical grounds. Twelve patients had normal findings on digital palpation 
and were biopsied on the basis of the sonographic findings. Four patients were not studied 
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with the numeric method. Three of these four patients had adenocar- 
cinoma, and one had benign hyperplasia. Standardized numeric eval- 
uation was performed on 114 sites in the remaining 86 patients, ages 
40 to 88 years (mean, 68.3 years; median, 69.5 years). 

The sonographic equipment used in this study included a 16-bit 
microcomputer with built-in software that allowed semiautomatic 
creation of gray-scale amplitude histograms from select regions of 
interest. The histogram displayed amplitude frequency (Y axis) vs 
gray-scale level (X axis) on the basis of 64 graduations. The peak 
amplitude was normalized to 100%. 

The mean gray-scale amplitude (A) was automatically calculated 
using the equation: 


a = g (each gradation x no. of samples of its grade) 


0 total no. of samples 


A standardized time-gain control curve was established in a normal 
35-year-old subject and was kept constant for all patients in the 
Study. The time-gain control curve was set in such a way as to 
produce uniform mean gray-scale amplitudes throughout the external 
portion of the control prostate gland by using approximately 5-mm° 
areas of interest (Fig. 1). Each 5-mm* target area contained approxi- 
mately 165 pixels. 

The visual criteria used in this study have been described previ- 
ously by Lee et al. [4] and Dahnert et al. [5]. Hypoechoic/anechoic 
regions of interest within the external portion of the prostate gland 
were prospectively designated as target areas suspicious for prostate 
cancer. Mean gray-scale amplitudes were produced for these hypo- 
echoic/anechoic target areas (Ap). Mean gray-scale amplitudes were 
also produced for periprostatic fat (Af) and normal homogeneous 
isoechoic external gland. Ap and Af values were obtained from a 
single freeze-frame with the overall gain held constant. The mean 
gray-scale amplitude ratio (Ap/Af) was then manually calculated. At 
least five Ap/Af ratios were obtained from each target area within the 





Fig. 1.—Sonogram illustrates procedure used to create a standard time- 
gain control curve. A uniform sonographic image of external portion of 
prostate gland is produced and then confirmed by adjacent 5-mm? areas 
of interest that produce similar mean gray-scale amplitudes. CH = region 
of interest 1 or 2. Max = percentage of pixels within one region of interest 
that have attained maximum gray-scale amplitude. M = mean gray-scale 
amplitude or gradation. SD = standard deviation of mean gray-scale 
amplitudes or gradations. N = the total number of pixels within a selected 
region of interest. 
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external portion of the prostate gland by varying the size and location 
of the selected region of interest. An average ratio was then calculated 
and made representative for each particular site. The resultant mean 
Ap/Af ratio was correlated with the pathologic findings. 

All patients had pathologic confirmation of diagnosis. Thirty pa- 
tients had adenocarcinoma (ages 44-89 years [mean, 71.4 years; 
median, 72 years]); 40 patients had benign hyperplasia; seven pa- 
tients had prostatitis; six patients had normal tissue; and three 
patients had atypical hyperplasia. Of the 30 patients who had ade- 
nocarcinoma, two were stage A1 (Gleason's score 2-5), 16 were 
Stage B2 (Gleason's score 5-10), 10 were stage C (Gleason's score 
6-10), and two were stage D (Gleason's score 6-7). 

All of the patients with normal digital examinations were biopsied 
with sonographic guidance. Of the 36 patients with a false-positive 
diagnosis, 10 patients were biopsied with sonographic guidance. 
Twenty-three of the 26 patients who were biopsied without sono- 
graphic guidance had sonographic abnormalities that were greater 
than or equal to 2 cm in diameter and that matched the location of 
the palpable abnormality. Three patients with lesions equal to 1 cm 
in diameter were not biopsied with sonographic guidance. One of 
these patients had a palpable 1-cm nodule that corresponded in 
location to the sonographic abnormality and that was biopsied on 
two separate occasions with the same benign pathologic results. A 
second patient with biopsy-proved prostatitis had a normal follow-up 
sonogram approximately 6 months after having clinical treatment. 

Prostate biopsies were performed with 14-gauge Tru-Cut needles 
(Travenol, Deerfield, IL) or 18- or 20-gauge Franseen needles (Cook, 
Bloomington, IN). All blind biopsies were performed transrectally. 
Sonographically guided biopsies were performed transperineally or 
transrectally through a needle guide in the probe handle. Informed 
consent was obtained from all patients. 

Digital palpation was performed by at least one of three experi- 
enced urologists. Visual image interpretation of the sonogram and 
calculation of the Ap/Af ratio was performed by the first author without 
knowledge of the biopsy results or digital palpation findings. All 
patients were examined endosonographically in the left decubitus 
position with the transducer held parallel and approximately 1 cm 
from the posterior aspect of the prostate. The dynamic range was 
held constant at 55 dB. A Ramses condom (Schmid, Little Falls, NJ) 
was filled with approximately 35-50 ml of settled water. The intra- 
corporeal probe was sterilized with Cidex solution (Surgikos, Arling- 
ton, TX) between patient examinations. Gas sterilization or steriliza- 
tion with Cidex solution was performed before prostate biopsy. 

Mean Ap/Af ratios were calculated for both the benign disease and 
the cancer sample populations using the Student t test and were 
found to be significantly different (p < .001) (Table 1). McNemar’'s 
chi-square test was performed on the study results for subjective 
interpretation, numeric quantitation, and palpation, and was statisti- 
cally significant in all three categories (p < .001). All mean Ap/Af 


TABLE 1: Population Mean Ap/Af Ratios for Cancer and Benign 
Disease for the Standardized Numeric Method 








Ap/Af Standard 

Diagnosis Ratio _ o Deviation 
Prostate cancer 0.17 0.06 
Benign disease 0.36 0.17 





Note.—Ap/Af ratio = mean gray-scale amplitude ratio of prostatic target to 
periprostatic fat. The Student t test (two-tailed) was used to calculate the mean 
Ap/Af ratios for cancer and benign disease. T = 6.191043; degrees of freedom 
= 112; p < .001. 


Sd 





AJR:149: November 1987 


values were tested against a normal distribution, and the percentage 
of test values that were expected to fall within a given range for both 
cancer (Ap/Af range, 0.09-0.34) and benign disease (Ap/Af range, 
0.03-0.75) were calculated. Ninety percent of the Ap/Af ratios for 
cancer and 96% of the Ap/af ratios for benign disease were predicted 
to fall within a normal distrisution. The sample Ap/Af ratios for benign 
disease and cancer were aiso plotted against their respective popu- 
lation mean value and were found to be symmetric in frequency 
distribution about the mear value. 

Falsespositive and false-negative probabilities for various Ap/Af 
ratios were obtained by performing a one-sided statistical significance 
test on the mean values for both prostate cancer and benign disease 
with a significance level ofjo = .05 [15]. Graphs were created from 
this data illustrating the rezationship between Ap/Af ratios and pro- 
jected faise-positive and faise-negative diagnoses (Fig. 2). A receiver- 
operating curve was produced from the raw data and illustrated the 
performance of the numeric method at various Ap/Af ratios (Fig. 3). 


Results 


The overall performarce of endosonography in conjunction 
with visual subjective image interpretation was more specific 
and subsequently more accurate than palpation (Table 2). 
The patient population presenting with cancer was predomi- 
nately stage B2 (16/30), stage C (10/30), and stage D (2/30), 
accounting for the lack of statistical difference in sensitivity 
between visual subjective interpretation and palpation. The 
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Fig. 2.—Graph illustrates predicted false-positive and false-negative 
percentage probabilities at various mean gray-scale amplitude ratios of 
prostate to periprostatic fat #Ap/Af). X designates false-positive values 
and 0 designates false-negative values. 


PROSTATE CANCER 977 


1.0 wee -0.35 
00.25 

| `o 0.20 

1 
č 
2 
SS oes 
oe > 
4 S05 
vz 50.15 
=e 
o) 
Aa 
d 
mi 
= 

0 PSEA EEE P ONOONO ENEE EANO OE 
0 0.5 1.0 


False-Positive Fraction 


Fig. 3.—Receiver-operator-characteristic analysis of standardized nu- 
meric method. Curve illustrates performance of various mean gray-scale 
amplitude ratios of prostate to periprostatic fat (Ap/Af). Cutoff point where 
mistakes are minimized equals a mean prostate-to-periprostatic-fat ratio 
{Ap/Af) of approximately 0.20 (small arrow). Slope of curve at which 
additional costs created by a faise-positive diagnosis are low relative to a 
faise-negative diagnosis is designated (farge arrow). 


TABLE 2: Overall Performance of Subjective (Visual) 
interpretation and Palpation in 90 Patients 





Visual Palpation 
Roshni (roo no. o 

patients) patients) 
Sensitivity 0.94 (34/36) 0.92 (33/36) 
Specificity 0.33 (18/54) 0.22 (12/54) 
Accuracy 0.56 (50/90) 0.50 (45/99) 
PV + 0.49 (34/70) 0.44 (33/75) 
PV — 0.10 (2/20) 0.20 (3/15) 








Note.—PV + (positive predictive value} = TP/TP + FP. PV — (negative 
predictive value) = FN/FN + TN. (TP = true positives; FP = false positives; FN 
= false negatives; TN = true negatives.) Results in “Visual” column are based 
on visual inspection of sonograms. 


two false-negative diagnoses made by sonography (Table 2) 
were due to observer error. Retrospective review of these 
two cases illustrated hypoechoic lesions within the external 
portion of the prostate gland that were larger than 2 cm. 
Three of 12 patients with normal palpation but abnormal 
sonographic findings had biopsy proved adenocarcinoma. All 
lesions appeared smaller than 1 cm. One patient had a 
Gleason's score of 5, and radical prostatectomy confirmed 
the sonographic findings. Another patient who was 71 years 
old had a Gleason's score of 2 and was treated witn radiation 
therapy. The third patient was understaged by scnography. 
The initial sonographic examination in this 54-year-old man 
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revealed a 6-mm hypoechoic focus in the apex of the gland 
that was later confirmed by radical prostatectomy (Fig. 4). 
Additional pathologic findings, however, included a 2-mm 
neoplastic nodule in the other lobe and microscopic invasion 
of the capsule. The Gleason's score in this patient was 5, and 
pelvic lymphadenectomy revealed no evidence of nodal me- 
tastasis. 

The numeric method resulted in consistently higher speci- 
ficity, accuracy, and positive predictive values than did sub- 
jective interpretation and palpation (Table 3) (Fig. 5). As 
expected, the sensitivity increased (with a corresponding 
decrease in the specificity) with increasing Ap/Af ratios. Only 
one patient had an Ap/Af ratio greater than 0.30 (Ap/Af = 
0.34), and in this patient the computer-designated regions of 
interest were difficult to fit within the small hypoechoic targets 
within a visually heterogeneous lesion. 

In two patients with atypical hyperplasia, Ap/Af ratios were 
less than or equal to 0.2. In one patient with atypical hyper- 
plasia, a focal area of decreased echogenicity was not iden- 
tified visually, yet the Ap/Af ratio measured 0.2 in the external 
portion of the prostate gland. 

Technical factors that altered the performance of our nu- 
meric method were noted. An increase in the absolute value 
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for the mean gray-scale amplitude was produced by placing 
the probe in a nonparallel orientation with the prostate gland, 
by reducing the dynamic range from 55 dB, and/or by placing 
the patient in the lithotomy position. 


Discussion 


Greater attention is being given to the potential of endo- 
sonography as a screening technique for prostate cancer. It 
is difficult to evaluate the efficacy of this test, however, 
because of the different types of equipment and techniques 
in use and because of the subjective nature of the interpre- 
tation. 

There are two factors that may have influenced our overall 
performance: (1) our method of standardization and (2) our 
use of a linear-array (as opposed to a biplane) probe. It is 
generally accepted that alterations in the time-gain control 
curve and dynamic range will alter image quality, but there 
are no studies to our knowledge that have examined the 
relationship between observer performance and changes in 
this curve or in the dynamic range. This Study did not evaluate 
observer error with variations in time-gain control or dynamic 
range. Therefore, we do not know what effect. if any, this 


Fig. 4.—Sonogram of a 54-year-old 
asymptomatic man with a 6-mm non- 
palpable hypoechoic lesion in apex of 
prostate gland. A sonographically 
guided transperineal biopsy illustrated 
adenocarcinoma. Mean gray-scale am- 
plitude ratio of prostate to periprostatic 
fat (Ap/Af) equaled 0.19. (See Fig. 1 
legend for explanation of abbrevia- 
tions.) 

Fig. 5.—Sonogram illustrates en- 
hanced specificity of standardized nu- 
meric method in a 78-year-old man with 
a visually hypoechoic focus in apical 
portion of prostate gland similar in lo- 
cation to Fig. 2. Mean gray-scale am- 
plitude ratio of prostate to periprostatic 
fat (Ap/Af) equaled 0.34. A sonograph- 
ically guided transperineal biopsy of 
this area resulted in a diagnosis of be- 
nign hyperplasia. (See Fig. 1 legend for 
explanation of abbreviations.) 


TABLE 3: Performance of Subjective (Visual) Interpretation and the Standardized Numeric 


Method vs Palpation in 86 Patients 











Ap/Af Ratio 

Observer Visual Palpation —— a — — 
Performance 0.20 0.25 0.30 
Sensitivity 1.0 (33/33) 0.91 (30/33) 0.79 (26/33) 0.91 (30/33) 0.97 (32/33) 
Specificity 0.32 (17/53) 0.23 (12/53) 0.70 (37/53) 0.49 (26/53) 0.43 (22/53) 
Accuracy 0.58 (50/86) 0.49 (42/86) 0.73 (63/86) 0.65 (56/86) 0.63 (54/86) 
PV + 0.48 (33/69) 0.42 (30/71) 0.62 (26/42) 0.53 (30/57) 0.51 (32/63) 
PV — 0 (0/17) 0.20 (3/15) 0.16 (7/44) 0.10 (3/29) 0.05 (1/23) 


Note.—Numbers in parentheses represent the actual number of patients in whom the criterion was satisfied. Ap/ 
Af ratio = mean gray-scale amplitude ratio of prostatic target area to periprostatic fat. PV + (positive predictive value) 
= TP/TP + FP. PV — (negative predictive value) = FN/FN + TN. (TP = true positive; FP = false positive: FN = false 
negative; TN = true negative.) Results in first column are based on visual inspection of sonograms. 
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method of standardization has had on our overall perfor- 
mance. Rifkin [7] has shown the diagnostic advantage of 
using a biplane probe instead of a linear-array probe in the 
evaluation of prostate cancer. Numeric quantitation presently 
is not -avaiable on radial scanners. Once this technology is 
available, sowever, we will use the standardized numeric 
method in both imaging planes, and we expect improved 
Specificity and accuracy as a result. 

An assumption in the formulation of our data is that the 
locationsof the blind transrectal core biopsy is identical to the 
abnormal target area designated by sonography and that the 
resultant pathologic findings are representative. Zincke et al. 
[16] and Barnes and Ninan [17] have shown an accuracy of 
approximately 90% in the detection of prostate cancer from 
blind transrectal biopsies of the prostate. Most of the patients 
in our study who were biopsied transrectally without sono- 
graphic guidance were part of a select group whose sono- 
graphic abnormalities were equal to or greater than 2 cm in 
diameter, and the location matched that of digital palpation. 
We would expect biopsy error to be minimal under these 
conditions, and on this premise we have made the assump- 
tion, statee in the first sentence of this paragraph. 

Periprostatic fat was chosen as the standard reference 
rather than adjacent normal-appearing prostate on the basis 
of our initial experience with prostate endosonography. Be- 
fore beginning this study we examined patients in whom the 
external pertion of the prostate gland proved to be diffusely 
involved with neoplasm on pathologic examination after radi- 
cal prostatectomy, yet the area of involvement appeared 
sonographically homogeneous. It has been our experience 
that diffuse infiltrative carcinoma is difficult to perceive be- 
cause thers is no visual reference point in the external portion 
of the prostate gland for comparison purposes. It is for this 
reason thet a standard reference outside the prostate was 
investigated. Periprostatic fat is abundant and therefore can 
be examined even in markedly enlarged glands. We acknowl- 
edge that different tissue velocities exist for fat, producing 
different absolute mean gray-scale amplitudes, but these 
values probably fit within a normal distribution and therefore 
can undergo valid statistical evaluation. 

We have observed an increase in the absolute mean gray- 
scale number under the following conditions: (1) when pa- 
tients are studied in the lithotomy vs the left decubitus posi- 
tion, (2)when the probe is positioned in a nonparallel position, 
and (3) when the dynamic range is decreased. Although there 
is a change in the absolute mean gray-scale value with a 
change in the dynamic range. we do not know if there is a 
resultant alteration in the Ap/Af ratio. We are presently inves- 
tigating this situation to see whether an identical dynamic 
range is necessary to formulate similar Ap/Af ratios. Further- 
more, ifthis technique is to be widely used, then standardized 
time-gain compression curves must also be used. 

Receiver-operating-characteristic (ROC) curves are easily 
developec from numeric data and can be used to study 
performance at different diagnostic criterion levels and to 
direct operation at the optimal criterion level. These tasks are 
difficult. if not impossible, to perform with subjective data. 
Through statistical decision analysis, selection of an appro- 
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priate cutoff point on the ROC curve can be cerived by 
knowledge of the pretest probability of having disease and 
costs associated with errors in diagnosis. Costs can be 
separated into financial and health categories. Health costs 
are evaluated by mortality and morbidity. Financial costs are 
given a monetary value. In an economic sense, we can 
determine the optimal operating point on the ROC curve from 
the equation: 


ACfp P(D-) 
ACfn P(D+) 


where P(D+) = the pretest probability of having disease, 
P(D—) = the pretest probability of not having disease, ACfp 
= additional costs for a false-positive diagnosis, and ACfn = 
additional costs for a false-negative diagnosis [18]. For ex- 
ample, if the cost of overtreating a patient is low and the cost 
for a missed diagnosis is high, the ACfp/ACfn ratio is low and 
the formula supports operating on the portion of the ROC 
curve where the slope is low (i.e., near an Ap/Af ratio of 0.30) 
(Fig. 3). A point on the ROC curve can also be derived where 
mistakes are minimized. This point is defined by the equation 
where the slope is equal to P(D—)/P(D+) [19]. In our study, 
this value is equal to 1.86 (65/35) and corresponds to an Ap/ 
Af ratio of approximately 0.20 (Fig. 3). 

Delineation of varying degrees of performance through 
standardized numeric quantitation can be used to illustrate 
the positive predictive value at these levels of performance. 
The overall prevalence of prostate cancer is unknown. Gold- 
berg et al. [20] noted in a recent cancer survey that the 
incidence of prostate cancer approximates prevalence, vary- 
ing from it by less than 20%. The overall prevalence has been 
estimated at approximately 35/100,000 cases, and is known 
to be age-related [19]. For black and white men over the age 
of 50 years, however, the total prevalence has been estimated 
at 600/100,000 cases [21, 22]. The positive predictive value 
(PV pos) is the probability that a patient with a positive test 
actually has disease. The positive predictive value is defined 
by the following equation given the sensitivity (Se), orevalence 
(P), and specificity (Sp): 


Se(P) 
PV POS = SelP) + (1 — Spit — P) 
Because the overall prevalence of prostate cancer is low, the 
positive predictive value for any one screening test will also 
be low. The positive predictive value can be enhanced, how- 
ever, by studying a select group of subjects. If endosonog- 
raphy were applied to a patient population over 50 years of 
age using an Ap/Af ratio of 0.30, the PV pos would equal 1% 
(0.0058/0.5723). Therefore, one of every 100 subjects with a 
positive test would probably have prostate cancer. At a lower 
Ap/Af ratio of 0.20, the PV pos would rise to 1.5% because 
of a higher specificity. At this value, one out of every 67 
subjects with a positive test would probably have prostate 
cancer, but it would not be detected in all patients (Table 3). 
Additional constraints besides age can be placed on the 
patient population under study to further increase the positive 
predictive value of endosonography in the detection of pros- 
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tate cancer. Endosonography, serum prostate-specific anti- 
gen, and prostatic acid phosphatase radioimmunoassay have 
been shown to detect stage A prostate cancer [23-26]. The 
frequency of solid-phase radioimmunoassay (SPIA) and en- 
zyme immunoassay in stage A and B involvement has been 
reported to be between 40% and 100% [23-26]. What would 
the positive predictive value be for endosonography in a 
subject with a positive SPIA? Assuming a frequency of at 
least 0.40, the PV pos would be 0.53 (0.388/0.730). There- 
fore, one out of approximately every two patients with a 
positive SPIA and sonogram would probably have stage A or 
B cancer. 

Wang and Kawaguchi [27] have shown that the serum 
prostate-specific antigen is more stable than the prepared 
specimen for prostatic acid phosphatase and more sensitive 
in the detection of prostate cancer. The serum prostate- 
specific antigen may be more effective in selecting the patient 
population to be studied, but it may be elevated in patients 
with benign prostatic hyperplasia [28]. Further investigation 
is needed with large numbers of patients to study the fre- 
quency of a positive serum prostate-specific antigen test in 
stage A involvement and benign hyperplasia. 

The formulation of a standardized numeric method has 
given us greater control in defining our diagnostic criteria for 
prostate cancer. The process of standardization enables us 
to optimally compare sequential sonograms performed in a 
single patient, particularly those who have received radiation 
therapy. Numeric quantitation has resulted in a higher speci- 
ficity and accuracy then is possible with subjective interpre- 
tation and digital palpation. Receiver-operator-characteristic 
analysis can be used to select a mean gray-scale amplitude 
ratio from which to operate either (1) on the basis of health 
or financial costs or (2) at a point at which our mistakes are 
minimized. Additionally we can study the positive predictive 
value of endosonography at different levels of projected per- 
formance and at different degrees of disease prevalence in 
the patient population under study. On the basis of statistical 
inference of the population mean, false-positive and false- 
negative probabilities for various Ap/Af ratios can be pre- 
dicted. Finally, the presence of a standardized numeric 
method sets the foundation for a common language from 
which we can study and compare results. 
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Case Report 





Prostatic Abscess: Imaging with Transrectal Sonography 


and MR 


Nicholas Papanicolaou,’ Richard C. Pfister,’ Susan A. Stafford,’ and Edward C. Parkhurst? 


Prostatic abscesses occur infrequently and usually are the 
result of inadequately treated acute bacterial prostatitis [1, 
2]. Since they require drainage in addition to antibiotics, early 
recognition is important. Differentiation between prostatitis 
and an abscess may be difficult on clinical grounds, as the 
symptoms are often similar [1, 2]. Transrectal sonography 
and MR offer excellent tissue discrimination of the prostate 
[3-7]. We present a patient with a prostatic abscess in whom 
transrectal sonography and MR were useful in establishing 
the diagnosis. 


Case Report 


A 64-year-old man was admitted with frequency, dysuria, and back 
pain. A clinical diagnosis of prostatitis had been made elsewhere 4 
months earlier, and oral antibiotics had been given without lasting 
effect. Physical examination at the time of admission revealed a 
slightly tender prostate. A few milliliters of pus were expelled via the 
urethra after prostatic massage. Cross-sectional imaging was per- 
formed to confirm the clinica! impression of an abscess. Transrectal 
sonography with a 5.0-MHz General Electric RT 3600 linear-array 
transducer (General Electric, Milwaukee, WI) showed a 1.5 cm echo- 
poor lesion in the right aspect of the prostate (Fig. 1A). Coronal 
images of the lower pelvis were obtained with a 0.6-T Technicare 
magnet (General Electric). Spin-echo T1-weighted images were 
suggestive of a small, low-signal-intensity abnormality in the right 
aspect of the prostate (Fig. 1B). Spin-echo T2-weighted images 
showed a well-defined high-signal-intensity lesion that became 
brighter with longer echo-time (TE) values (Figs. 1C and 1D). Cultures 
of the prostatic fluid and urine grew Escherichia coli, which was 


sensitive to gentamycin and trimethoprim-sulfamethoxazole. The next 
day the patient underwent transurethral drainage of the abscess. He 
was placed on antibiotics and discharged without symptoms 5 days 
later. 


Discussion 


Prostatic abscess is an uncommon lesion most often en- 
countered in the elderly. Although bacteremia or sepsis orig- 
inating anywhere in the body has been implicated, simple 
bacterial prostatitis is the usual predisposing factor. E. coli is 
the causative organism in the majority of cases [1, 2]. 

Clinical detection is possible when fluctuation is palpated 
on rectal examination [2]. Otherwise, the signs and symptoms 
are commonly those found in prostatitis, and differentiation 
between the two entities is difficult. 

Cross-sectional radiologic imaging has made it possible to 
detect morphologic changes of the prostate [3-7]. Prostatic 
abscesses can be detected on CT with IV contrast enhance- 
ment [7]. Sonography provides detailed images of the pros- 
tate at lower expense and risk [5-7]. Sonographic findings of 
prostatic abscess include focal hypoechoic or anechoic le- 
sions with thickened wall and/or septations. Mullerian duct 
cysts and seminal vesicle/ejaculatory duct cysts or abscesses 
may have similar sonographic features. Mullerian duct and 
seminal vesicle cysts and abscesses are located outside the 
prostate and should be easily differentiated from a prostatic 
abscess by sonography. 
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Fig. 1.—A, Transrectal sagittal sonogram shows low-density lesion within prostatic parenchyma 
(arrows). Prostate lies between bladder (B) and symphysis pubis (SP) anteriorly and rectum (R) 
posteriorly. Also seen is right seminal vesicle (SV). 

B, Coronal spin-echo image (TR = 500 msec, TE = 21 msec, six averages) of prostate (P) does 
not clearly show focal abnormality. Low-signal-intensity area to right of midline. 

C, Coronal spin-echo image (TR = 2350 msec, TE = 48 msec, two averages) of prostate shows 
intermediate-signal-intensity area to right of midline, corresponding to abscess (arrow). 

D, Coronal spin-echo image (TR = 2350 msec, TE = 96 msec, two averages) shows high-signal- 
intensity lesion representing prostatic abscess (arrow). 
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Percutaneous Transluminal 
Treatment of Varicoceles: Where to 


Occlude the Internal Spermatic Vein 





Percutaneous transluminal sclerotherapy is an accepted treatment for varicoceles. It 
is administered by applying a liquid sclerosing agent to the internal spermatic vein. 
However, the optimal site for the placement of the occlusive material has not been 
evaluated previously. Therefore, the success rate of sclerotherapy was determined in 
two groups of patients. In the first group (34 patients), the liquid agent was applied in 
the cranial part of the internal spermatic vein; in the second group (113 patients), the 
agent was applied in the caudal part of the vessel at the level of the inguinal ring. The 
success rate determined 3 months after therapy by telethermography was significantly 
higher after treatment in the caudal part (82%) than in the cranial part (68%) of the 
vessel. 

Sclerotherapy at the level of the inguinal ring appears to be superior to therapy in the 
cranial part of the internal spermatic vein. 


The idiopathic varicocele is one of the few treatable fertility-reducing diseases in 
men. Varicoceles occur in 17% of 3 million army recruits in West Germany [1]. A 
frequency of up to 39% has been reported in infertile patients, although the 
pathogenesis is not known [2, 3]. Aside from surgical ligature of the internal 
spermatic vein, percutaneous transluminal sclerotherapy is a widely accepted 
outpatient treatment in Europe [4, 5]. With this method the internal spermatic vein 
is occluded by applying a liquid sclerosing agent inside the vessel. 

The results (i.e., persistence rates) reported by various authors for this technique 
are difficult to compare because of differences in follow-up methods. However, the 
combination of thermography and sonography has recently proved to be a reliable 
technique for follow-up examinations [6]. 

Because of the many collaterals of the internal spermatic vein, the site of 
occlusion is said to be important for the success of treatment [7, 8]. To date this 
has not been evaluated. Therefore, in the present study, we examined ail patients 
by palpation, sonography, and thermography directly before and 3 months after 
sclerotherapy. In order to determine the significance of the site of occlusion for the 
persistence rate, we compared patients treated in the cranial part of the vessel (at 
the level of the lumbar vertebrae body Ill-IV) with patients treated in the caudal 
part of the vessel (at the level of the inguinal ring). 


Subjects and Methods 


Phlebography was performed in 234 patients with left-sided varicoceles over the last 3 
years. Besides a left-sided involvement, 16 patients also had a varicocele on the right side. 
The patients were between the ages of 9 and 45 years (mean age, 21 years). Eighty percent 
of the patients who were over 18 years old were treated for infertility. In the children, therapy 
was considered to be a preventive measure. All patients under the age of 18 received 
intramuscular premedication (pethidine [meperidine], atropine, promethazine) according to 
their weight. The gonads were covered with a lead mat. 

Sclerotherapy was performed with 1.5 to 9 ml (mean, 3.5 ml) of Varikozid (Combustinwerk, 
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Seefeid/Obb., W. Germany) (1 mi = 55 mg of sodium morrhuate and 
20 mg of benzyl alcohol). For phlebography and sclerotherapy, the 
ostium of the internal spermatic vein was catheterized by means of 
a 7-French occlusion balloon catheter with a Hopkins curve via the 
femoral vein, vena cava, and renal vein. The vessel was injected with 
10 mi of a nonionic contrast medium under fluoroscopic control. In 
the case of craniai sclerotherapy, Varikozid was applied by the 
catheter into the cranial third of the vessel after previous balloon 
blockade of the vascular lumen. For caudal sclerotherapy, a 2.5- 
French therapy catheter was advanced through the guiding catheter 
into the inguinal ring with the aid of a steerable guidewire (Fig. 1). 
After removal of the guidewire, the position of the catheter was 
controlled by injection of contrast medium. For caudal treatment as 
well, blockade of the internal spermatic vein was accomplished by 
the balloon at the tip of the quide catheter before application of the 
sclerosing agent. Immediately after injection of the sclerosing agent, 
the inner catheter was removed, while the guide catheter with the 
inflated balloon remained in place for another 15 min. 

After this time a control examination of the occluded segment was 
done by injection of less than 5 ml of contrast medium. Persistently 
open vessels were probed with the steerable guidewire and sclerosed 
as well. The total fluoroscopic time ranged between 5 and 10 min. 

All patients were examined clinically, sonographically, and ther- 
mographically before undergoing phlebography. Thermographic im- 
aging of the scrotum was done with an AGA Thermovision Camera, 
Model 680 Medical (AGA AB, Lidingö, Sweden) with a spatial reso- 
lution of 2.5 mm and a temperature resolution of 0.2° C. Sonographic 
measurement was done using a 5- or 7.5-MHz real-time device (Picker 
LS 3000 or LSC 7000) with a combined water path. The combination 
of both methods is necessary because of the low specificity of 


qh 


Fig. 1.—Coaxial catheter system 
with 7-French guiding balloon catheter, 
2.5-French therapy catheter, and steer- 
abie wire. 
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thermography alone. The precise examination technique has already 
been described [6]. 


Results 


Of the 234 patients with varicoceles, 192 (82%) could be 
treated by sclerotherapy. Sclerotherapy could not be per- 
formed in nine patients because of previous surgical ligation 
of the internal spermatic vein and in 33 because of anatomic 
variants at the ostium of the internal spermatic vein into the 
renal vein. In those patients, the guide catheter could not be 
placed properly (Fig. 2). In one case, the examination had to 
be terminated because of an adverse reaction to the contrast 
medium. After placement of the guiding catheter in the cranial 
part of the internal spermatic vein, the therapy catheter could 
be advanced in all cases into the inguinal ring with the aid of 
the steerable guidewire when caudal sclerotherapy was at- 
tempted. This was possible even in the presence of tortuous 
and branched vessels (Fig. 3). There were no complications 
due to this technique. 

In 52% of the caudally treated cases, the injection of the 
sclerosing agent caused some pain in the inguinal region that 
disappeared within 15 min. Patients treated cranially had 
similar pain in the lumbar region. Only a few minutes after 
caudal sclerotherapy, indurations of the papiniform plexus 
could be palpated. They disappeared within 6 months after 
the procedure. Occasionally they were accompanied by mild 
discomfort. Three 12-year-old boys developed edema of the 
cranial hemiscrotum. This ceased without further treatment 
after 2 days of bed rest. Sonography was performed in all 
patients, and no abnormalities could be detected in their 
testicular structures. 

The initial plan was to treat an equal number of patients 
cranially and caudally. However, on follow-up studies of the 
first 81 patients (84 cranial, 47 caudal), we saw a marked 
difference in favor of caudal sclerotherapy (persistence rate: 
32% and 16%, respectively). Thus sclerotherapy was sub- 
sequently performed only caudally. 

Table 1 shows the rate of success determined by palpation, 
telethermography, and sonography in 147 patients 3 months 
after therapy. In 34 of these patients, sclerotherapy was 
performed cranially, and in 113 it was performed caudally. 
Thermography was the most sensitive method. The difference 
between these two treatments was statistically significant 
(p = .1, chi-square test). Twelve patients with persistent 
varicoceles after the first sclerotherapy (eight of them after 
proximal treatment) were treated successfully the second 
time. 


Discussion 


After the first reports by laccarino [9] and Lima et al. [10] 
on successful transfemoral treatment of varicoceles, the pro- 
cedure was soon applied widely. While occlusion with detach- 
able balloons or coils was preferred in the United States 
[8, 11, 12], sclerotherapy gained general acceptance in Eu- 
rope [5, 13]. For both procedures, however, the optimal site 


for sclerotherapy or placement of occlusive material has not 
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Fig. 2.—Anatomic variants of internal sper- 
matic vein ‘arrowheads) where sclerotherapy 
could not be performed. 





Fig. 3.—Suecessful distal placement of catheter in a tortuous internal 
spermatic vein (arrowheads). 


been evaluated previously. The sclerosing agent is commonly 
placed at me level of the lumbar vertebrae III-IV (cranially) [4, 
5, 10, 14] In its total course, the internal spermatic vein has 
multiple side branches to paralumbar, paravertebral, and renal 
capsular weins and/or to pelvic veins. In up to 80% of the 
cases, these collaterals are located particularly in the middle 
and caudal third of the vessel [2, 15, 16]. Therefore, the 
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TABLE 1: Persistence of Varicoceles 3 Months After Cranial or 
Caudal Sclerotherapy 











Follow-up Cranial? Caudal? 
Examination (%) (%) 
Palpation 3 (9) 6 (5) 
Sonography 9 (27) 18 (16) 
Thermography 11 (32) 20 (18) 
a n = 34. 
ens 113: 


varicocele may be maintained via the collaterals despite cra- 
nial occlusion (Fig. 4). Because of the presence of these 
collaterals some authors have suggested that occlusion be 
applied as far caudally as possible [7, 8, 17]. We therefore 
used a coaxial catheter system that enables us to rapidly 
advance the therapy catheter far distally into the vessel [18]. 

Varikozid, the agent most commonly used in Europe, is not 
yet available in the United States. Even with a coil or balloon 
placed distally, only the main vessel is occluded, while the 
small collateral veins remain patent, and this vessel could be 
responsible for maintaining the varicocele. Liquid sclerosing 
agents, on the other hand, occlude veins connected with each 
other within the deep inguinal ring [15, 19]. The use of 
balloons or coils thus seems to be inferior to using a sclerosing 
agent. Implantation of a noninert foreign body such as a metal 
coil may be problematic in younger patients because of pos- 
sible unknown long-term effects; balloons carry the additional 
risk of dislocation [8]. Varikozid, on the other hand, has been 
used in Europe for many years to treat varices of the lower 
extremities and is known to be well tolerated. Application of 
Varikozid in the internal spermatic vein has not shown any 
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Fig. 4.—Persistence of varicoceles via collat- 
erals after proximal transfemoral treatment (ar- 
rowheads = sites of occlusion). 


TABLE 2: Persistence of Varicoceles After Percutaneous Transluminal Therapy: Different 


Follow-up Examination Techniques 





Reference No. of Follow-up Persistence 
Number vear Patients Therapy Examination Rate (%) 
[4] 1982 62 Sclerotherapy Venography 3 
[5] 1986 265 Sclerotherapy Doppler 10 

Balloon oc- 
[7] 1983 70 clusion Palpation 11 
Balloon oc- 

[8] 1981 50 clusion Palpation 2 
[11] 1984 128 Spring coils ? 0 
[13] 1981 109 Sclerotherapy Venography 3 
[14] 1983 60 Sclerotherapy Venography 2 


Note.—? = Follow-up examination not specified. 


serious side effects so far, and sonographic follow-up 2 weeks 
and 3 months after sclerotherapy did not show any testicular 
abnormality [4, 6, 14]. The experimental application of scle- 
rosing agents for treatment of varicoceles in animals reported 
in the recent literature may indicate a change of opinion in the 
United States in favor of sclerotherapy [20]. 

Data on persistence of varicoceles after transfemoral treat- 
ment vary considerably for both sclerotherapy and occlusion 
techniques. The reason may be the differences in the methods 
of follow-up examinations. Apart from palpation, phlebogra- 
phy is mentioned most frequently [4, 13, 14] (Table 2). Follow- 
up examinations by phlebography appear to be problematic, 
particularly after cranial sclerotherapy, because persistence 
of varicoceles caused by nonoccluded collaterals in the caudal 
portion of the vein remains undetected. 

Follow-up examinations by palpation [7, 8] alone seem to 
be inadequate. Apart from the clinical experience of the 
examiners, the method does not reliably detect so-called 


“subclinical varicoceles.” The fact that the extent of the vari- 
cocele does not correlate with the reduction of fertility shows 
the importance of diagnosing even slight alterations [2, 15, 
21-23]. Doppler and duplex sonography theoretically offer 
greater precision in the diagnosis of varicoceles [5, 24]. These 
techniques, however, are not easy to perform, especially after 
caudal sclerotherapy, since every single vessel of the pampi- 
niform plexus has to be checked separately. 

In other studies with this method, the rate of reported 
persistence after transfemoral treatment of varicoceles 
ranges between 0% and 11% (Table 2). 

Compared with the rates of persistence reported in the 
literature, our rates are definitely higher. The most likely 
explanation is the method of follow-up examinations. All our 
patients were subjected to palpation and sonographic/ther- 
mographic examinations 3 months after therapy. If one con- 
siders only the results of the clinical examination, our results 
are comparable with those of the literature (persistence of 


lu 
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5% for distal and 9% fer proximal occlusion) (Tables 1 and 
2). In contrast, sonography and telethermography showed 
much higher persistence rates (Table 1), owing to the high 
sensitivity of these metnods. Even subclinical residual vari- 
coceles not detected bw any other examination techniques 
are discovered [6]. 

since all other methocs have systematic or technical draw- 
backs, the results reported so far have only limited compar- 
ability to our data. 

Altogether, transfemcral sclerotherapy of varicoceles is an 
accepted and inexpensive therapeutic method. Our results 
show that sclerotherapy at the level of the inguinal ring is 
superior to sclerotherapy within the proximal part of the 
interna: spermatic vein. 
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Coccidioidomycosis in Renal 
Dialysis and Transplant Patients: 


Radiologic Findings in 30 Patients 





Asymptomatic primary coccidioidal infection is common. After the initial infection is 
contained, the organism can remain dormant in the body for years. Immunosuppression 
related to renal transplantation or dialysis may reactivate dormant disease. Thus, 
symptomatic disease may be seen in those with no known history of previous coccidi- 
oidomycosis who have visited endemic areas only briefly. To determine if coccidioido- 
mycosis produces characteristic radiographic findings in renal transplant and dialysis 
patients, we reviewed the records and radiographs of all patients in either of these two 
categories who are known to have developed active coccidioidal infection in southern 
Arizona since 1965. Thirty patients (12 undergoing dialysis and 18 transplant recipients) 
were identified. 

We conclude that the radiographic manifestations of pulmonary coccidioidomycosis 
in renal transplant and dialysis patients are highly variable. Interstitial and alveolar 
patterns of disease are equally likely to occur. Extrathoracic infection without evidence 
of pulmonary disease occurred in 11 patients (37%), but was radiographically demon- 
strable only as septic arthritis or perinephric abscess. 


Coccidioidomycosis is a fungus endemic to the desert areas of the southwestern 
United States. Over half of long-term residents of endemic areas such as Tucson, 
AZ, have positive coccidioidomycosis skin tests. Even brief visits to endemic areas 
may result in primary infection [1-3], 75% of which are asymptomatic [4, 5]. 
Nonetheless, viable organisms can remain dormant for years, only to be activated 
later when patients become immunosuppressed. Thus, renal transplant patients 
who previously have been exposed to the fungus are at increased risk of developing 
active coccidioidal infection. In addition, frequently fatal disseminated disease is 
much more common in both renal transplant and dialysis patients [6]. 

Given the increased frequency, rate of dissemination, high mortality, and possi- 
bility of encountering coccidioidomycosis in renal dialysis and transplant patients 
living in nonendemic areas, we undertook a study to determine if coccidioidomy- 
cosis produces characteristic radiographic patterns in renal replacement patients 
that would permit earlier diagnosis and more timely therapy. 


Subjects and Methods 


The study population included all patients in Tucson, AZ, who developed symptomatic 
coccidioidomycosis either after rena! transplantation from 1970 through 1986 or during renal 
dialysis from 1965 through 1986. In addition, all patients who developed symptomatic 
coccidioidomycosis while receiving dialysis at the Good Samaritan Hospital in Phoenix, AZ, 
between 1965 and 1979 were included in this study. A total of 30 renal replacement patients 
with coccidioidomycosis—1 2 undergoing dialysis and 18 transplant recipients—were included 
in the study. 

The radiographs of each patient from 6 months prior to documented infection to either 
death or 6 months after clearing of symptomatic disease were reviewed by one of the authors. 
While examining the radiographs, each reviewer knew that the patients had active coccidioi- 
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domycosis but was unaware of the anatomic location of infection, 
the date of clinical diagnosis of infection, and the status of the patient 
regarding transplantation or dialysis. After the radiographs were 
examined, the patients’ charts were reviewed to determine the clinical 
and/or pathologic extent of disease, the method of proof of coc- 
cidioidal infection, and the disease course. Significant concomitant 
disease, underlying renal disease, and the type of antifungal/immu- 
nosuppressive therapy were also noted. 

Pulmonary infection was localized to lobes or segments and clas- 
sified into confluent alveolar, nodular (patchy) alveolar, reticular inter- 
Stitial, miliary interstitial, or cavitary patterns. Presence and location 
of adenopathy, effusions, or both were noted. Bone and joint radio- 
graphs were classified as showing no signs of infection or as showing 
signs of osteomyelitis or septic arthritis. Significant abnormalities on 
urograms and all other tomographic examinations were tabulated by 
type, site, and size. 

All patients had multiple chest radiographs. Of the seven patients 
with urinary coccidioidomycosis as diagnosed either by urine culture 
of microscopic demonstration of characteristic spherules, four had 
excretory urograms, one had abdominal CT, one had a whole-body 
gallium scan, and one had renal angiography. All renal imaging was 
obtained within 2 weeks of positive culture/histology. All three pa- 
tients with clinical signs and/or symptoms of articular coccidioido- 
mycosis had radiographs of the affected joints. Neither patient in 
whom occult osseous coccidioidomycosis was found at autopsy had 
had recent radiographs of the involved bones. 

Thirteen cases were proved by culture, and 15 were documented 
by histologic demonstration of characteristic coccidioidal spherules 
in tissue by using the Gomori methenamine silver stain. The other two 
patients had pulmonary coccidioidomycosis with high complement- 
fixation titers for coccidioidomycosis, which subsequently normalized 
as their chest radiographs cleared during amphotericin therapy. 


Results 


Four dialysis patients and seven transplant recipients had 
extrathoracic coccidioidomycosis without radiographic evi- 
dence of pulmonary disease. Nine patients, five undergoing 
dialysis and four with renal transplants, had coccidioidal infec- 
tion limited to the lungs. 

Table 1 shows that there is no predominant pattern of 
pulmonary disease. Lobar infiltrates, nodular alveolar involve- 
ment of a single segment of one or more lobes, and reticular 
interstitial and miliary interstitial disease were all approxi- 
mately equally represented (Fig. 1). Cavitary disease was 
unusual. Pulmonary patterns of disease were similar whether 
infection was isolated to the lungs or part of disseminated 
disease. The time interval between initial diagnosis of a pul- 
monary infiltrate and radiographic resolution with antifungal 
therapy among those who survived varied from 14 to 120 
days (mean, 50 days) and was not useful in differentiating 
coccidioidomycosis from other infections. 

No cases of renal coccidioidomycosis were identified in 
dialysis patients, while there was urinary involvement in seven 
transplant recipients. Of the seven patients with urinary coc- 
cidioidomycosis, four had negative excretory urograms, one 
had a negative CT scan, and one had a negative gaillium 
scan. The only positive renal imaging examination was a renal 
angiogram performed 3 weeks after a normal CT scan. The 
angiogram showed compression of the transplant renal artery, 
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TABLE 1: Pulmonary Patterns of Coccidioidomycosis in Renal 
Dialysis and Transplant Patients“ 
CEE ENDER LI LE OE ED EY EE DL RTE TE EEO EOE RETIRE LE IE EP TES SS BIR STE TNR SASS SS ae nae 





Dialysis Transplant 
Pattern Patients Patients 
(n = 12) (7 = 18) 
Lobar infiltrates 3 3 
Nodular alveolar infiltrates 1 5 
Reticular interstitial disease 2 5 
Miliary interstitial disease 1 1 
Hilar adenopathy 2 1 
Pieural effusions 3 0 
Cavities 0 1 





* Some patients had more than one pattern of disease—for example, patchy 
alveolar infiltrates with adenopathy. Two dialysis and five transplant patients 
had no pulmonary involvement. 


which at surgery was found to be caused by a perirenal 
coccidiodal abscess. 

Of the six patients with meningeal involvement, two had 
CT scans. These showed no meningeal thickening or en- 
hancement or hydrocephalus. Two patients had occult dis- 
ease discovered at autopsy, while the other two had menin- 
gitis diagnosed by CSF cu'ture without CT scanning. 

Eleven cases of soft-tissue disease were identified. Of the 
four patients with cutaneous infection, one had radiographic 
examination of the skin. This revealed focal soft-tissue swell- 
ing. One patient had coccidioidal orchitis that was diagnosed 
without imaging. All six cases of liver/spleen infection were 
identified at autopsy. No gross abscesses were encountered. 

All three patients with symptomatic articular coccidioido- 
mycosis had positive radiographs. One had periarticular de- 
mineralization, decreased joint space, and collapse of the 
tibial plateau (Fig. 2); the others manifested isolated peri- 
articular soft-tissue swelling. 


Discussion 


In endemic areas, coccidioidomycosis is a common infec- 
tion among dialysis and renal transplant patients. In addition, 
our finding that extrapulmonary infection occurred in 58% of 
dialysis patients and in 78% of those with renal transplants 
substantiates previous reports documenting more severe and 
extensive coccidioidomycosis in these patients than in im- 
munologically normal individuais [3, 6]. 

The most important findings in our study were the consid- 
erable radiographic variability presented by coccidioidomy- 
cosis in the dialysis and transplant population and the fact 
that extrathoracic disease is only infrequently depicted on 
imaging examinations. Previous reports have described the 
predominant pattern of coccidioidal pulmonary infection to be 
fan-shaped peripheral or segmental alveolar infiltrates [7-9]. 
While this pattern was observed in 26% of our cases, it was 
not more common than ‘obar alveolar (26%) or reticular 
interstitial (30%) patterns of disease. The time of resolution 
of infiltrates after antifunga’ therapy was also widely variable, 
but it was longer than the 1-2 weeks usually seen in primary 





Fig. 1.—Chest radiographs showing multiple patterns of pulmonary 
coccidioidomycosis. 

A. Scattered, nodular infiltrates (arrows) with adenopathy. 

B, Left lower lobe infiltrate with effusion (arrows) due to coccidiodal 
pneumonia. 

C, Miliary interstitial pattern. 


Fig. 2.—Fronta! (A) and lateral (B) 
radiographs of knee show tibial piateau 
collapse and joint space narrowing. Ar- 
ticular coccidioidomycosis as illus- 
trated here is the only extrapulmonary 
site of infection where radiographs 
have high diagnostic sensitivity. 
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pulmonary coccidioidomycosis in nonimmunocompromised 
individuals [10]. 

Extrapulmonary infection may be present in the absence of 
radiographically evident pulmonary disease. We noted 11 
such patients. Ten patients had extrapulmonary infection 
coexistent with pneumonia. The frequency of urinary coccid- 
ioidomycosis in our transplant patients was high (seven of 18 
patients). However, as with other extrapulmonary foci, radio- 
graphic methods were insensitive in diagnosing transplant 
involvement. Excretory urograms uniformly failed in this re- 
gard. Rare cases of renal coccidioidal infection showing pye- 
localyceal changes similar to those seen in tuberculosis have 
been reported in patients with orthotopic kidneys [11]; how- 
ever, these findings are unusual and were not encountered in 
Our population. 

Liver/spleen involvement in disseminated disease is com- 
mon, but even at autopsy no macroscopic abscesses were 
found. As a result, imaging of these organs seems unreward- 
ing, and probably is not justified in view of the cost. Scattered 
other sites of disseminated infection included the adrenals, 
thyroid gland, and meninges. Often the involvement of these 
organs is occult as well. Only a small number of joint lesions 
were identified. Joint space narrowing, periarticular swelling, 
or both were seen in all cases of coccidioidal septic arthritis. 
Thus, articular involvement seems more amenable to radio- 
graphic diagnosis than do any other sites of extrathoracic 
infection. 
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Case Report 





Balloon Dilatation of Stricture of the Ileal Loop After Ileal 


Conduit Diversion 


J. Hildell’ 


Nonsurgical dilatation of stenoses by means of balloon 
catheters is being widely used in blood vessels and in the 
biliary, gastrointestinal, and urinary tracts. In patients with 
ileal conduit diversion, the technique has been applied to 
strictures of the distal ureter and to the ureteroileal anasto- 
mosis. The procedure is commonly performed in antegrade 
fashion, in conjunction with or subsequent to percutaneous 
nephrostomy [1-3]. This report describes balloon dilatation 
of stricture of the ileal loop, distal to the ureteroileal anasto- 
mosis, after retrograde catheterization of the ileal loop and 
the ureter via the ileostomy. 


Case Report 


A 58-year-old-woman had an ileal conduit diversion for total urinary 
incontinence and a right nephrectomy for chronic pyelonephritis and 
hydronephrosis. Five years later progressive dilatation of the left renal 
pelvis and ureter was noted on consecutive urograms. A retrograde 
examination of the ileal loop showed a short, relatively severe stricture 
of the ileum about 4 cm distalto the ureteroileal anastomosis. There 
was retrograde passage of contrast medium into the left ureter (Fig. 
1A). Because the patient was-considered to be a poor surgical risk, 
it was decided to try to dilate the stricture. 

A 5-French anigographic catheter with a slightly curved tip was 
passed coaxially through an 18-French Foley catheter with a 6-French 
endhole. The catheters were placed inside the ileal stoma, which was 
then occluded by inflating the balloon of the Foley catheter. After 
distending the ileal loop with dilute contrast medium, the 5-French 
catheter and a steerable guidewire were manipulated through the 
ileal loop, the stricture, and the ureteroileal anastomosis into the mid 
portion of the ureter. A 7-French Gruntzing catheter that had a 4-cm- 


long, 8-mm-diameter balloon (Schneider Medintag AG, Zürich) was 
passed over the guidewire and placed at the site of the stricture. The 
balloon was inflated manually several times, about 60 sec at a time, 
until the waist of the balloon at the site of the narrowing disappeared 
(Fig. 1B). Pressure gauges were not used. An 18-French Foley 
catheter was left as a stent for a week, with the balloon slightly 
inflated proximal to the stricutre. 

Urography at 1 month, 1 year, and 3 years after the dilatation 
showed a normally functioning kidney, without evidence of postrenal 
obstruction. 


Discussion 


Late postoperative complications after ileal conduit diver- 
sion include chronic infection, deterioration of renal function, 
secondary stone formation, and stenosis of the distal ureter 
or the ileal conduit. The primary management of stenotic 
lesions has been surgical. In the last 5-10 years, however, 
advances in interventional radiology and endoscopy have 
made these methods an alternative to surgery [1-3]. 

Balloon or catheter dilatation of strictures of the distal ureter 
and the ureteroileal stoma has a success rate of about 50- 
60%. In the remaining cases surgical correction is necessary 
[1, 2]. Strictures of the ileal loop are relatively rare complica- 
tions, more common in children than in adults. They occur 
late and are often clinically silent [4-6]. The diagnosis is 
suggested on routine urography and is confirmed by retro- 
grade examination of the ileal loop with contrast material [4, 
6]. In the majority of reported cases the stricture was caused 
by an inflammatory reaction in the mucosa and the submu- 
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cosa. Extraintestinal obstruction is rare, and ischemia does 
not seem to play any role [4-6]. 

The treatment of ileal loop strictures has been surgical [4- 
6]. Since the case reported, dilatation has been performed in 
one other patient with a similar stricture. This patient is well 
at 1 month and 1 year after dilatation. The limited experience 
of two cases, however, does not allow any definite conclu- 
sions. The good results obtained may be explained by the 
fact that the inflammatory process is not transmural, but is 
limited to the mucosa and the submucosa. With the technique 
described, the dilatation is a simple procedure that is worth 
trying before surgical correction is contemplated. By expand- 
ing the ileal loop, the passage of catheter and guidewire into 
the proximal part of the loop is facilitated. The passage of a 
guidewire into the ureter, which is almost mandatory for the 
Stabilization of the balloon during the dilatation procedure, 
may offer difficulties depending on the anatomy of the ure- 
teroileal anastomosis. 

When retrograde passage of a guidewire is not possible, 
the procedure can be performed after percutaneous nephros- 
tomy, with the distal end of the guidewire being retrieved 
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Fig. 1.—A, Injection of water-soluble 
contrast medium into ileal loop (L) via 
ileostomy shows stricture of loop (ar- 
rows) and retrograde passage of con- 
trast medium into dilated left ureter. 

B, Balloon catheter is passed 
through ileal loop over a guidewire, the 
tip of which is placed in mid portion of 
ureter. Balloon (arrows) is inflated at 
site of stricture. 


either manually or with a stone forceps; or in patients with a 
long ileal loop, it can be retrieved with a helical stone basket, 
after having catheterized the ileal loop with the technique 
described. In both of our patients, dilatation was performed 
with an 8-mm-diameter balloon, evidently with good functional 
results. However, if necessary, a catheter with a larger di- 
ameter probably could be used. 
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Technical Note 





Balloon Hysterosalpingography Catheter 


Stephen D. Sholkoff' 


Available hysterosalpingographic catheter systems involve 
techniques that are often time consuming, pain-inducing, 
leakage-prone, and of limited use. A modified balloon catheter 
apparatus was used to obtain 50 hysterosalpingograms 
quickly, easily, and without causing the patient undue discom- 
fort. The catheter’s design is such that it can be used in 
almost all cases regardless of congenital variation, degree of 
anteversion or retroversion, or indications for the examination. 


Technique 


The catheter is 6.8-French with an end hole that will accept 
a 0.021-in. (0.53-mm) guidewire. A balloon inflatable to 2.2 ml 
is located 1 mm from the tip. It is packaged with a smoothly 
tapered 14-French Teflon introducer (Fig. 1) (Cook, Blooming- 
ton, IN). The catheter is manufactured from polyvinylchloride 
and is sturdier and more malleable than other available hys- 
terosalpingographic catheters, whether made of polyethylene 
[1] or rubber (2, 3]. There is excellent memory for a steam- 
formed curve made to suit an individual situation. After intro- 
ducing the catheter, the balloon is inflated with air to 1-1.5 
ml and its position is checked with fluoroscopy. A similar 
catheter with a larger, 5-ml balloon is being manufactured for 
use in women with enlarged uterine cavities due to parity or 
myomata. 


Discussion 


This balloon catheter offers several advantages over stan- 
dard and previously designed hysterosalpingographic cathe- 
ters [1-5]. Normally, neither forceps [1-3] nor fluoroscopy is 


needed to place the catheter tip quickly and safely in the 
uterine cavity by gentle advancement. It has not been nec- 
essary to resort to either vacuum device [4] or tenaculum 
[5], both of which are much more painful and time-consuming. 
There is no tube extending beyond the balloon, making this 
device safer, less likely to kink, and less likely to cause 
iatrogenic tubal obstruction during the examination. 

The end hole allows the catheter to be advanced into the 
uterine cavity, either under fluoroscopic guidance when nec- 
essary, after contrast injection, or following an angiographic 
guidewire (Fig. 2). A 7.5-cm curved J wire is an excellent 
choice for this purpose. 

Injection within the endocervical canal itself is often desir- 
able [5]. This may be accomplished by using the specially 
designed introducer as a tamping device if the inflated balloon 
alone will not maintain the catheter position in the canal. That 
is much simpler than changing to another apparatus [2, 3]. 
The introducer may also be used as a gentle sound device 
when necessary because of its size and smoothly tapered 
tip. 

If advanced into the uterine cavity, the balloon is gently 
retracted to ensure a good seal at the internal cervical os. 
This aids in obtaining bilateral tubal filling and avoiding reflux 
back into the vagina. The speculum may then be removed to 
enable the patient to assume a more relaxed position. Balloon 
placement in the uterine cavity also makes it possible for the 
patient to be placed in a more extreme (e.g., prone) position. 
The balloon volume may be titrated by using fluoroscopic 
control to ensure optimal uterine evaluation and tubal filling, 
while minimizing the patient's discomfort. A similar technique 
is used to insert multiple catheters in cases of congenital 
duplication [2]. 
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Vigorous retraction cannot be used to straighten out the 
uterus if it is markedly flexed, because the balloon will pull 
out. However, satisfactory filming is usually obtained with 
oblique and angled projections. If necessary, the otherwise 
obscured lower uterine segment may be examined by filming 
during contrast injection while completely deflating the bal- 
loon, if it was not studied during introduction. A diagnosis of 
cervical incompetence requires a history of recurrent mid- 
trimester abortions and an internal os measurement of more 
than 0.7 cm on the hysterosalpingogram [6]. However, it may 
be suggested if an inflated balloon is easily expelled into the 
vagina from a good position in the uterus [3]. 

Selective salpingography and introduction of dilatation ap- 
paratus for recanalization procedures [7] may be performed 
by taking advantage of the end-hole design in a catheter with 
good torque and memory. 
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Fig. 1.—End-hole balloon catheter. 

A, Before insertion with introducer 
alongside. 

B, Close-up after balloon inflation. 


Fig. 2.—Abnormal hysterosalpingo- 
gram is easily obtained. 

A, Contrast material is injected near 
external os to show cervix. 

B, Bilaterally obstructed fallopian 
tubes are easily seen after advance- 
ment of catheter into uterine cavity, 
which in this case required an angio- 
graphic J wire. 
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Septated Urinomas in the Neonate 





Perirenal urinomas may develop when obstruction to urinary flow creates sufficient 
back pressure to produce extravasation of urine. Such fluid collections have been 
described as mainly sonolucent. However, in the last 2 years, we have imaged five 
neonates with multiple, marked septations of the urinoma, four with posterior urethral 
valves and one with a ureteropelvic junction obstruction. Diagnostic confusion may arise 
when the kidney is not identified, when the septated nature of the urinoma is not 
recognized, and when urinary tract obstruction is not seen. 


A urinoma is defined as a loculated urine collection formed when urine extrava- 
sates into the perirenal space, either through rupture of a caliceal fornix or a tear 
in the renal parenchyma [1-10]. The fluid of the urinoma can be contained within 
the perirenal space or can enter the peritoneal cavity through direct communication 
or transudation, presenting as urinary ascites. 

The acutely ill neonate with ascites or an abdominal mass presents a diagnostic 
and therapeutic challenge to the clinician and radiologist. Rapid, correct diagnosis 
is important to ensure proper management and a good outcome. We have observed 
six neonatal urinomas in five neonates. The similar but unusual sonographic 
appearance of these urinomas is described. 


Subjects and Methods 


From December 1985 to May 1987 five neonates born at our medical center were 
diagnosed as having urinomas. All five patients (four boys, one girl) were imaged with Acuson 
equipment (Mountainview, CA). Voiding cystourethrography also was performed in all five. 
Chart review accompanied this retrospective radiologic analysis. 


Results 
Clinical data 


All four male neonates with urinomas had posterior urethral valves and vesicou- 
reteral reflux on the side of the urinoma. All were noted to have either abdominal 
distension or bilateral flank masses. Only one patient had respiratory distress, and 
one who was eating poorly and lethargic was initially thought to be septic. All four 
boys had elevation of both serum creatinine and blood urea nitrogen when first 
evaluated. The urinoma was left-sided in three and bilateral in one. 

The posterior urethral valves were treated by antegrade ablation in two boys 
[11], by transurethral resection in one, and by bilateral cutaneous loop ureterostomy 
in one. In three boys, the urinomas were drained at surgery (two) or via nephrostomy 
(one). In one of these patients a tear was noted in the renal parenchyma during 
surgery and was repaired. One neonate was managed conservatively; after ablation 
of his posterior urethral valves, the perirenal fluid was left to resorb, with serial 
sonography documenting its diminution. 
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The only girl, also a neonate, was referred to our hospital 
because of a left flank mass (presumed to be a multicystic 
dysplastic kidney), increasing abdominal girth, and a decrease 
in hemoglobin. During surgery to correct a left ureteropelvic 
junction obstruction, a rent in the renal parenchyma was 
identified and repaired. 


Imaging Studies 


Abdominal sonography was the first study performed in all 
five neonates, and voiding cystourethrography was done to 
further confirm the cause of urinary tract obstruction. 

Sonography of the retroperitoneum showed marked varia- 
bility in the number and thickness of septations within the 
urinomas. The appearance or ease of detection of the adja- 
cent, often displaced, kidney was also quite variable. In three 
neonates there were few septations and the contiguity of the 
kidney suggested that the fluid was of renal origin (Figs. 1 
and 2). In the other two, the septations were more numerous 
and the fluid spaces between septations were smaller (Figs. 
3 and 4). The neonate with decreasing hemoglobin and bloody 
urinoma had the most dense and septated urinoma of the five 
patients observed (Fig. 3). 

Voiding cystourethrography confirmed the diagnosis of 
posterior urethral valves in all four boys. There was reflux into 
each renal unit surrounded by the urinoma. In one neonate 
with unilateral reflux there was contralateral reflux into a 
nonfunctioning kidney (Fig. 4B). In the girl with ureteropelvic 
junction obstruction, voiding cystourethrography was normal. 





A 


Fig. 1.—Imaging studies of 5-week-old boy. 

A, Sonogram of left flank. Transverse scan. A fluid collection with few septa surrounds anterior and lateral aspects of left kidney. Although kidney is 
compressed, renal medullary pyramids are identified peripheral to mildly dilated, more lucent calices (c). 

B, Longitudinal scan. Kidney is clearly identified subjacent to a large fluid collection that appears nonseptated on this view. 

C, Voiding cystourethrography. Delayed abdominal film at conclusion of fluoroscopic study shows left-sided grade V reflux and extravasation of 
contrast material into subcapsular space (black arrowheads) and into less dense perirenal space (white arrows). 
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Discussion 


The genitourinary system is the source of clinically detected 
masses in at least 50% of neonates [12, 13]. Sonography of 
the kidneys, bladder, and posterior urethra as well as the 
internal female genitalia generally allows the diagnosis of 
multicystic dysplastic kidney, ureteropelvic junction obstruc- 
tion, congenital renal mass (mesoblastic nephroma), posterior 
urethral valves, and hydrometrocolpos to be made without 
using other techniques. 

The relationship between the posterior urethral valves and 
urinoma formation has been well described but is an uncom- 
mon complication of this form of urinary tract obstruction {1- 
10]. Most of the previous urologic and radiologic literature on 
urinomas was based on findings seen with excretory urogra- 
phy, voiding cystourethrography, and surgery. Radiographic 
findings included (1) changes in renal position, (2) a low- 
density region adjacent to the kidney during the total body 
opacification phase of excretory urography, and (3) contrast 
extravasation into the subcapsular, perirenal or (with prone 
positioning) peritoneal space [1-10]. 

The urinomas previously described and illustrated in the 
sonographic literature were generally a complication of renal 
transplantation [14, 15]. Most were found in adults and were 
imaged with gray-scale equipment. Although a few urinomas 
with sparse linear echoes representing septations were re- 
ported in this setting, urinomas were more often depicted as 
purely cystic collections with little or no internal architecture. 
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Fig. 2.—Sonograms of left flank in 6-day-old 
boy. 

A, Transverse scan. Multiple septa are present 
in fluid collection superficial to compressed ech- 
ogenic left kidney with dilated renal pelvis (p). 

B, Longitudinal scan. Kidney (k) is intensely 
echogenic. Central lucency represents a portion 
of mildly dilated pelvocaliceal system (p). 


Fig. 3.—Sonograms through left flank of 8-day- 
old girl. 

A, Transverse scan. Multiple septa are present 
in this complex mass with a significant hyper- 
echoic comeonent. Kidney is not present on this 
view. 

B, Longitudinal scan. Complex mass appears 
more solid this image. Left kidney, which was 
displaced across midline, was identified on other 
views. 


Fig. 4.—Imaging studies of 2-day-old boy. 

A, Sonogeam through left flank. Supine longitu- 
dinal scan. Sapta in this fluid collection are thicker 
and simulate:stroma. Kidney (k) is posteriorly com- 
pressed, elcngated, and devoid of normal land- 
marks. 

B, Voidine cystourethrography. Abdominal film 
after fluoroscopic examination. Right-sided grade 
V reflux has occurred without extravasation. On 
left, elongated kidney and ureter are displaced 
across midime by urinoma. Delicate appearance 
of calices may be due to compression by urinoma 
and decompression of caliceal system into uri- 
noma. Contrast layering above septa accounts for 
obliquely oriented linear densities over left lower 
quadrant. Urnoma has produced displacement of 
stomach. 
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The numerous septations in these five cases of urinoma 
may be composed partially of blood and proteins extravasated 
into the perirenal space at the time of renal parenchymal 
rupture. Renal rupture is most likely to occur at the time of 
birth [4, 5], but it can also occur in utero. The fascia around 
the kidney may aiso contribute to the septations if it becomes 
disrupted at the time of renal rupture. The solid appearance 
of regions of the mass can also be attributed to blood prod- 
ucts forming layers in the loculations, as seen in one of our 
cases with enlargement of the perirenal mass and a concur- 
rent decrease in hemoglobin. A large renal parenchymal tear 
was documented at surgery in two of our patients and has 
been reported previously [10]. Blood-tinged fluid within uri- 
nomas has also been documented [1, 9]. 

The mass effect of a perirenal urinoma may cause diagnos- 
tic confusion. The kidney may be distorted and markedly 
displaced from the renal fossa, making it difficult to identify. 
Recognition of urinary tract abnormalities caused by posterior 
urethral valves is important in correctly diagnosing perirenal 
urinomas. The sonographic signs of posterior urethral valves 
(dilated ureters, thickened bladder wall, and dilated posterior 
urethra) should be carefully sought [16]. This will allow other 
septated cystic masses of the retroperitoneum, such as lym- 
phangioma or teratoma, to be excluded from diagnostic con- 
sideration. 

Only one of our five neonates had ascites detected with 
sonography, despite the large size of the urinomas. Urinary 
ascites may be simulated on plain films when bilateral urino- 
mas displace bowel gas centrally. Many authors describing 
urinary ascites do not document removal of fluid from the 
peritoneal space or passage of contrast material into this 
cavity. Some of the confusion in the early literature may be 
caused by a lack of understanding of the peritoneal reflec- 
tions, a subject that was later explained by Meyers et al. [17]. 

Previous reports have indicated that decompression of the 
back pressure through forniceal rupture or parenchymal tear 
may protect the kidney and preserve renal function [1, 3, 4, 
11]. In our series, only one kidney has been nonfunctional 
and this kidney, without urinoma, was distended with reflux. 
All six kidneys associated with urinoma formation are pres- 
ently functioning. We stress this to prevent nephrectomy of a 
functioning kidney. We caution, however, that this phenome- 
non is not universal, and after surgery individual renal function 
must be clinically or radiologically assessed. 
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Urinoma formation in the neonatal period usually is caused 
by posterior urethral valves. However, other, rare causes 
include neurogenic bladder and ureterovesical obstruction. 
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Case Report 


CT Detection of a Jefferson Fracture in a Child 


Robert L. Wirth', Leslie M. Zatz, and Bruce R. Parker 


Jefferson wractures, or “burst” fractures of the first cervical 
vertebra, are rare in children. On open-mouth views of the 
cervical spine, the “atlas spread,” a normal variant, may 
simulate a Jefferson fracture. We describe a 3-year-old boy 
with a true Jefferson fracture. A CT scan and the “atlas 
spread index” [1] confirmed the presence of a Jefferson 
fracture in a child who was unusually young to have this type 
of fracture. 


Case Repor 


A 46-month-oic boy presented to the Emergency Room after a fall 
from a chickea coop. The child landed directly on the vertex of his 
head. Neither distress nor neurologic symptoms were present. The 
lateral radiograph of the spine was normal (Fig. 1A), but an open- 
mouth odontomd view showed bilateral displacement of 5 mm of the 
lateral masseso' C1 relative to C2 (Fig. 1B). The “atlas spread index” 
[1], as described in the Discussion section, was more than two 
standard deviations above the mean for this patient’s age. CT scan 
confirmed diastasis of both the posterior synchondrosis of C1 and 
the left anterior synchondrosis of C1. The left anterior ring of C1 (Fig. 
1C) was clear’ fractured. 


Discussion 


Three ossification centers form the ring of C1, including the 
anterior arch {which occasionally may be multipartite) and the 
two lateral masses from which the posterior arches are de- 
rived. The syachondrosis of the posterior arch usually ossifies 
by 4 years of age, and the anterior-arch synchondroses 
usually ossify by 8 years of age. 





The specific fracture that bears Jefferson's name was 
described in 1920 [2] and is usually associated with a “burst” 
fracture of C1 resulting from axial compression. Fractures 
through both the anterior and posterior arches of C1 cause 
lateral displacement of the lateral masses. The fracture in 
adults is usually in the weakest part of the arch, which is 
adjacent to the lateral masses [2]. 

In both adults and children, congenital abnormalities of the 
atlantoaxial relationship can simulate Jefferson fractures [3]. 
A specific normal variant in children, lateral spread of the 
lateral masses, has been described and defined. This variant 
results in bilateral offset of C1 with respect to C2. Suss et al. 
[1] studied 104 normal subjects and defined the “atlas spread 
index,” which describes the mean spread plus or minus two 
standard deviations for different age groups. This index is 
determined by measuring the distances between the upper- 
outer (AA, Fig. 1B) and lower-outer (BB, Fig. 1B) corners of 
the opposite lateral masses of C1. The distance between the 
most medial aspect of the medial tubercles of the lateral 
masses of C1 (CC, Fig. 1B) is also measured. Ratios CC/AA 
and CC/BB are determined. Abnormal, lateral displacement 
of the lateral masses will add the same number to both the 
numerator and denominator, thereby increasing the number. 
Ratios that exceed the normal ranges determined by Suss et 
al. must be considered abnormal and warrant further investi- 
gation (Table 1). Of the two ratios, CC/AA is the more 
sensitive. 

Jefferson fractures in young children are exceedingly rare 
[2, 4, 5] and may be overlooked because they typically are 
not associated with neurologic abnormalities. Additionally, 
open-mouth views of the atlantoaxial relationship are difficult 
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Fig. 1.—A, Lateral view of cervical spine shows no abnormal soft-tissue swelling. 
B, Open-mouth view shows lateral displacement of lateral masses of C1. (Letters refer to points of measurement in Suss et al. [1].) Ratio of CC/AA is 


0.60, compared with 0.48 + 0.05 (which is normal for this age). See text. 


C, CT scan of C1 shows fractures through anterior and posterior rings of C1. (Left lateral aspect of C1 was shown to be intact on higher slices.) 


TABLE 1: Normal Ranges of Atlas Spread Indices 





Mean Spread Index + 2 SD* 











Age - 
CC/AA CC/BB 
0.5-6 mos 0.52 + 0.06 0.63 + 0.08 
t test (2-tailed) p < 0.01 p < 0.001 
6* mos-2 yrs 0.50 + 0.06 0.58 + 0.07 
t test (2-tailed) p < 0.01 p < 0.01 
2*—4 yrs 0.48 + 0.05 0.55 + 0.07 





Note.—AA and BB are the distances between the upper outer and lower 
outer corners of the opposite lateral masses, respectively; CC is the distance 
between the most medial ossified points of each medial tubercle of the lateral 
masses. This table reprinted with permission from Suss et al. [1]. 

* 95% confidence interval. 


to obtain in young children. Prevertebral soft-tissue swelling 
is frequently seen in adults with fractures of the posterior arch 
[6], but may be difficult to detect in children whose normal 
prevertebral tissues may be as much as 1.5 times the ante- 
roposterior dimension of the vertebral bodies [7]. Complica- 
tions of a Jefferson fracture in adults include odontoid fracture 
and disruption of the transverse ligament, both of which may 
result in C1-C2 instability [2, 8]. It is unknown whether similar 


complications occur in children. 

Jefferson fractures in children may not be as rare as the 
literature Suggests. Increased awareness that these fractures 
can occur in young children, knowledge of normal develop- 
mental variations, and use of CT in suspicious cases may 
lead to the correct diagnosis in patients whose fractures may 
be overlooked otherwise. 
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The Normal Diameter of the Fetal 
Aorta and Pulmonary Artery: 


Echocardiographic Evaluation 
in Utero 





Measurements of the fetal aorta and pulmonary artery can aid in the detection and 
diagnosis of congenital heart defects. In a prospective study of 403 normal fetuses 
whose gestational ages were between 14 and 42 weeks, two-dimensional (2D) real-time 
and M-mode echocardiography were used to measure the diameters of the aortic root 
and the pulmonary artery in utero. The goals were to establish norms for the diameters 
of these structures as a function of both gestational age and biparietal diameter, to 
compare measurements obtained in systole and diastole, and to compare 2D and 
M-mode measurements. A high correlation was found between measurements made 
during systole and diastole (r = .994 for aorta, r = .996 for pulmonary artery) and 
between 2D and M-mode measurements for each vessel (r = .992 for aorta, r = .973 for 
pulmonary artery). The differences between systolic and diastolic measurements and 
between M-mode and 2D measurements were small (2.2-4.6%) for both the aorta and 
the pulmonary artery. 

The norms established here provide an objective standard for comparison when a 
cardiac anomaly involving a fetal aorta or pulmonary artery of abnormal size is sus- 
pected. The results indicate that a sonographic facility need not have M-mode equipment 
to obtain technically adequate measurements. 


Beginning early in the second trimester, fetal cardiac anatomy can be visualized 
by means of two-dimensional (2D) real-time and M-mode echocardiography. In 
particular, measurements of various cardiac structures can be obtained and can 
aid in the diagnosis of some forms of congenital heart disease. Several investigators 
[1-3] have published tables or graphs of normal measurements of the ventricles 
and great vessels as a function of gestational age. 

Unlike measurements of other fetal body parts, measurements of cardiac struc- 
tures present a choice: They can be obtained via 2D or M-mode and in systole or 
diastole. Previous investigations have not compared systematically the measure- 
ments obtained via different approaches. We have, therefore, carried out a large- 
scale study of the dimensions of the fetal aorta and pulmonary artery. Our goals 
were to compare 2D and M-mode measurements; to compare systolic and diastolic 
measurements; and to establish, by using modern equipment and large numbers 
of subjects, normal values for the diameters of the aorta and the pulmonary artery 
as a function of both gestational age and biparietal diameter. 


Subjects and Methods 


We used antenatal echocardiography to prospectively study 403 fetuses whose gestational 
ages were between 14 and 42 weeks. In each case, cardiac measurements were obtained 
as part of a sonographic examination performed for an unrelated indication (e.g., confirm 
dates, assess growth, rule out anomaly). Multiple gestations and anomalous or growth- 
related fetuses (detected at the time of sonography or after birth) were excluded from the 
study. 
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Attempts were made to obtain measurements via 2D imaging in 
all 403 cases. Transducers included a phased- or linear-array Acuson 
(Mountain View, CA), a phased-array Hewlett-Packard (Andover, MA), 
and a linear-array or mechanical-sector ATL (Bothel, WA). All meas- 
urements of the aorta and pulmonary artery were obtained at the 
level of the semilunar valves. When possible, measurements were 
taken during both systole and diastole, as indicated by the position 
of the valve leaflets. Aortic measurements were made with the aorta 
in cross section (Figs. 1A and 1B). Measurements of the pulmonary 
artery were obtained from images showing the artery in either a 
cross-sectional or a longitudinal orientation. When the pulmonary 
artery was imaged longitudinally, we required that the pulmonary 
artery run perpendicular, or nearly so, to the central axis of the sector 
(Fig. 1C), as we found an unacceptably large variability in measure- 
ments obtained when the pulmonary artery was more than 15° off 
perpendicular. All 2D measurements were taken from inner wall to 
inner wall. 

M-mode measurements also were obtained in those patients 
scanned on one of our two Hewlett-Packard scanners; these were 
the only machines with simultaneous 2D and M-mode capability that 
were available during the study period. An M-mode sweep had to 
show the semilunar valves in both systole and diastole to be consid- 
ered acceptable (Fig. 1D). M-mode measurements were taken during 
both systole and diastole, and the 2D portion of the image was used 
to identify the vessel as aorta or pulmonary artery. All M-mode 
measurements were made from leading edge to leading edge. 

In addition to measurements of the great vessels, we recorded the 
biparietal diameter and gestational age for each fetus. Gestational 
age was assigned by using the first available item from the following 
list: (1) previous first-trimester sonogram (via crown-rump length 
[4]), (2) reliable clinical dates, (3) earliest second- or third-trimester 
sonogram (via biparietal diameter [5)). 
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Results 


Measurements of the aortic root could be obtained in 363 
(90%) of 403 cases and of the pulmonary artery in 338 (84%) 
of cases. With experience, these measurements usually could 
be obtained in less than 1 min. 

Comparison of systolic and diastolic measurements of the 
diameter of the aortic root obtained via M-mode is shown in 
Fig. 2. The points on the graph fell close to the main diagonal, 
suggesting that little difference existed between systolic and 
diastolic measurements. This was confirmed by statistical 
analysis (Table 1). Correlation between measurements at the 
two stages of the carciac cycle was very high (r = .994). 
Furthermore, the mean difference between the two measure- 
ments was small and of no clinical relevance: an absolute 
difference of 0.13 mm and a relative difference of 2.2%. 

Comparison of M-mode and 2D measurements of the di- 
ameter of the aortic root obtained during systole is shown in 
Fig. 3. Once again, the points fell on or close to the main 
diagonal, suggesting that M-mode and 2D techniques yielded 
similar measurements. This was confirmed by statistical 
analysis (Table 1). The correlation coefficient between the 
two was very high. The small difference between M-mode 
and 2D measurements may have occurred because M-mode 
measurements were taken from leading edge to leading edge 
and therefore include one more thickness of a vessel wall 
than do 2D measurements from inner wall to inner wall. 

The findings were similar for the pulmonary artery (Table 
1). Correlation coefficients were high, and differences were 
small. 





Fig. 1.—Methods of measuring diameters of fetal great vessels on echocardiograms. 
A, Two-dimensional cross-sectional image of aorta at valve level also shows left atrium (LA), right 


atrium (RA), and right ventricle (RV) on this scan plane. Measurement is made between tips of short 
arrows. Visualization of three valve cusps in center of aorta indicates valve closure and, hence, that image 
is taken in diastole. 

B, Diagram shows method for measuring vessel diameter from cross-sectional image of either aorta or 
pulmonary artery. Measurements are made vertically from inner wall to inner wall between tips of straight 
arrows (or slightly off vertical if needed to avoid base of valve cusps, shown here as shaded triangular 
regions). 

C, Two-dimensional longitudinal view of pulmonary artery (PA), shows tricuspid valve (TV) with right 
atrium above and right ventricle below. Measurement of pulmonary artery is made between tips of open 
arrows. Valve cusps faintly visualized adjacent to vessel walls (near arrow tips) indicate that valve is open 
and, hence, that image is taken in systole. 

D, On M-mode image of aorta at valve level, systolic measurement is obtained between tips of straight 
arrows; diastolic measurement, between tips of curvec arrows. 
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Fig. 2.—Comparison of systolic and diastolic 2900 
echocardiographic measurements of diameter of 


aortic root. Each point on graph represents the on s 
number of patients with a particular pair of sys- 
tolic and diastoic measurements (obtained via 
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TABLE 1: Comparison of Echocardiographic Measurements of 
the Diameters of the Fetal Aorta and Pulmonary Artery 
ig kc RT ESSA EAE A AEE TD ORE EEEE O EE A EER 


l Mean 
Correlation Mean i 
Comparison Coefficient Difference Relative 
PANG Difference 

(r) (mm) (0%) 

= sant alts tence chet a a ge a a ah 
Systole vs diastole? 994° 0.13 2.2 
M-mode vs 2D" 992° 0.26 44 

Pulmonary artery 

Systole vs diastole” .996° 0.37 4.3 
M-mode vs 2D° 973° 0.37 46 


SARA a a a a aE E A t a E EEO IEE EE ITS NATROL EDERAL S TCO TE OTA ELE ALE LESS, 
Note.—Difference = first measurement — second measurement (e.g., aorta 
in systole — aorta in diastole in the first row of the table); 2D = two-dimensional. 
* Measured via M-mode. 
°p = 00. 
€ Measured in systole, 
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Fig. 3.—Comparisan of M-mode and two-di- 
mensional {2D} echocardiographic measure- 
ments of diameter of aortic root (obtained in 
systole). Each point on graph represents the 
number of patients with a particular pair of 2.000 
M-mode and 20 measurements. Points fall on 
main diagonal (drawn in) if M-mode and 2D 
measurements are equal. 
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We used 2D systolic measurements to plot normal growth 
curves for the aorta and pulmonary artery in relation to both 
gestational age and biparietal diameter (Fig. 4). We omitted 
the scatterplot of points on these graphs to make them less 
cluttered and thus more easily used for clinical purposes. The 
age range of 16-40 weeks in Figs. 4A and 4B is narrower 
than the range of 14-42 weeks in our study sample because 
the sample included few fetuses of 14-16 or 40-42 weeks. 
The regression data that form the bases for these curves are 
given in Table 2. Slightly more variability was found for the 
pulmonary artery than for the aorta. This was reflected in 
wider 5-95% confidence bands for the pulmonary artery. 

Direct comparison of diameters of the aorta and pulmonary 
artery showed that the diameter of the pulmonary artery was 
greater than that of the aorta by 8.9 + 0.4% (mean + standard 
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Fig. 4.-Norms and confidence limits for echocardiographic measurements. 


A, Diameter of aortic:root vs gestational age. 

8, Diameter of pulmonary artery (PA) vs gestational age. 

C, Diameter of aortic root vs biparietal diameter. 

D, Diameter of pulmonary artery (PA) vs biparietal diameter. 


TABLE 2: Echocardiographic Diameters of the Great Vessels 
as a Function of Gestational Age and BSiparietal Diameter: 
Regression Results 

ALL OR TLR LEIA EE NTE UA LENE SETI SERS TR TOR SE ERI SELES. LL ITT TG GESE LENE STAT ATES SEN NES 


l Width of 
, Correlation o% 
Relationship jo = Coefficient ee 
(") Range (mm) 
AOvsGA AO = 0.291 GA ~— 2.7 .965 +1.0 
PAvsGA PA= 0.320 GA — 3.0 961 11 
AO vs BPD AO = 0.115 BPD — 2.4 .939 ar ee 
PA vs BPD PA = 0.128 BPD — 2.7 .932 +15 


Note.—-AO = Diameter of aortic root (mm); GA = gestational age (weeks): 
PA = Diameter of pulmonary artery (mm), BPD = biparietal diameter (mm). 


error). This relationship was consistent throughout the range 
of gestational ages studied. 


Discussion 


Measurements of the fetal great vessels can serve a num- 
ber of purposes. They can aid in the diagnosis of certain 
congenital defects, as in a recent case of ours in which Marfan 
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syndrome was detected antenatally by noting that the aortic 
root was abnormally large (more than two standard deviations 
above the mean for age). Size of the great vessels also has 
contributed to the diagnosis of other anomalies, including 
aortic and pulmonic atresia and tetralogy of Fallot. The finding 
of an abnormal diameter should prompt a detailed fetal cardiac 
examination, including a multiplanar 2D evaluation and 
M-mode and Doppler assessments as indicated. In addition 
to their role in detection of congenital anomalies, measure- 
ments of the great vessels can also be used in conjunction 
with Doppler flow-velocity measurements to assess left and 
right ventricular output [6]. Finally, we are using our normal 
data for investigational purposes, as a standard for compari- 
son to assess the effect of fetal growth disorders (macro- 
somia, intrauterine growth retardation) on the heart. 

Our study has used a large series of cases to establish 
norms for diameters of the aortic root and pulmonary artery 
in fetuses from 16 to 40 weeks old. It has confirmed that the 
pulmonary artery is larger in diameter than the aorta, a finding 
that has been noted previously [1] and that has a physiologic 
counterpart: right ventricular output is 28% greater than left 
ventricular output during the second half of pregnancy [6]. 
Finally, we have shown that little difference exists between 
measurements taken in systole and diastole or between those 
obtained via M-mode and 2D imaging. These last results have 
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practical impiications. If the size of a fetal aorta or pulmonary 
artery is suspected to be abnormal, a facility need not have 
M-mode equipment to obtain technically adequate measure- 
ments. Comparison of such measurements to the normal 
range for gestational age (or for biparietal diameter) can lead 
to a diagnosis that is more accurate and confident than one 
based on subjective assessment alone. 
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The Three Lines: Origin of 
Sonographic Landmarks in the Fetal Head 





Antenatal sonography consistently reveals three parallel echogenic lines on high- 
axial scans of the fetal head. Previous descriptions of fetal intracranial anatomy assumed 
that the inner line originates from the interhemispheric fissure and that the outer lines 
originate from the lateral walls of the lateral ventricles. By studying the three lines 
sonographically in 25 fetuses and by injecting contrast material into the deep venous 
system of autopsy specimens, we showed that the outer two lines do not represent the 
lateral walls of the lateral ventricles, but rather appear to arise from deep intracerebral 
veins. This finding challenges the validity of lateral ventricular hemispheric ratios in the 
diagnosis of early hydrocephalus, since such calculations assume that the outer lines 
originate from the ventricular walls rather than from veins. 

The results of this study reveal that the two outer lines most likely originate from 
deep cerebral veins, rather than from the lateral walls of the lateral ventricles. 


Many authors base the sonographic diagnosis of early fetal hydrocephalus on 
the ratio of the width of a lateral ventricle to the width of the corresponding cerebral 
hemisphere [1-9]. This ratio is obtained on axial scans, revealing three parallel 
echogenic lines cephalad to the level of the thalamus. The inner line originates from 
the interhemispheric fissure, but the outer lines were thought to represent the 
lateral walls of the lateral ventricles [1-15]. To evaluate the anatomic origin of the 
lines, we analyzed the sonographic intracerebral anatomy in 25 selected fetuses 
and two adult autopsy specimens, and obtained radiographs and CT scans of 
autopsy specimens after injection of barium into the deep venous system. The 
results of this study reveal that the outer two lines most likely originate from deep 
cerebral veins, rather than from the lateral walls of the lateral ventricles. 


Materials and Methods 
In Utero Scans in 25 Fetuses 


Prenatal cranial sonography was performed in 25 fetuses in the second and third trimesters. 
The fetuses included in this study were chosen because of favorable fetal position and 
maternal body habitus, which allowed for optimal resolution of fetal intracranial anatomy. 
Three parallel echogenic lines were routinely seen in an axial plane above the level of the 
thalamus (Fig. 1). From this plane, the transducer was slowly rotated into coronal orientation 
and images were obtained that revealed both the lines and the lateral ventricles. 


In Utero Axial and Coronal Scans on Two Adult Brains 


A barium sulfate-gelatin suspension was injected into one internal cerebral vein on each of 
two adult brains obtained at autopsy. Adult brains were used because attempts to inject the 
suspension into the deep venous system of two fetal brains were unsuccessful. Both brains 
were fixed in formalin for 10 days and scanned in a water bath in multiple axial and coronal 
planes. 
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CT Studies 


One of the adult brains was imaged by CT with contiguous scans 
performed at 5-mm intervals on a GE 9800 scanner in both axial and 
coronal orientations. 


Radiographs 


Both adult brains were sectioned, one in the axial plane and the 
other in the coronal plane, and specimen radiographs were obtained. 

All sonographic examinations were performed ona high-resolution, 
phased-array, real-time system (Acuson) using the 3.5- and 5-MHz 
sector and linear probes. In each case, the transducer was carefully 
selected to provide optimal resolution of intracranial anatomy. Al- 
though in most patients the linear probes resulted in superior reso- 
lution, the intracranial anatomic details described in this report were 
constant regardless of the transducer used. 


Results 
In Utero Scans in 25 Fetuses 


In each of the 25 fetuses scanned in utero, the coronal 
images showed that the outer lines are located cephalad to 
the level of the ventricles. These lines originate at the supero- 
lateral angles of the ventricles and extend cephalad in a 
vertical plane (Fig. 2). Choroid plexus within the ventricles 
was often identified in axial scan planes located caudad to 
the plane containing the three parallel lines (Fig. 3A). These 
findings were shown most graphically in two fetuses with 
minimal ventriculomegaly in which the ventricles were seen 
particularly easily; but diagnostic coronal images were also 
obtained in the 23 fetuses with normal-sized ventricles. In 
several fetuses the lines could be resolved into multiple, 
Slightly divergent linear echoes in coronal images (Fig. 3B), 
whereas in axial planes they were composed of multiple, 
closely spaced dots and very short linear echoes. 


In Vitro Axial Images of Two Adult Brains 


Axial images of the adult autopsy brains confirmed that the 
three parallel lines are largely located cephalad to the lateral 
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ventricles. The most caudal portion of these echoes, however, 
did extend inferiorly to the level of the roofs of the lateral 
ventricles, but at this level the lines were lateral to the outer 
walls of the ventricles (Fig. 4A). As in the fetuses, on axial 
scans performed cephalad to the ventricles, the lines could 
be resolved into closely spaced, discrete dots and short linear 
echoes (Fig. 4B), whereas images near the level of the ven- 
tricles showed these echoes converging into a single, linear, 
specular reflector (Fig. 4C). 


In Vitro Coronal Images of Two Adult Brains 


When coronal images were obtained with the transducer 
on the lateral surface of the brain, vertically oriented linear 
echoes were seen arising from the superolateral angles of the 
ventricles. These echoes extended cephalad in a plane ap- 
proximately perpendicular to the sonographic beam, and were 
identical in appearance to the lines seen in the fetuses on 
similar scan planes. However, coronal scans obtained with 
the transducer located along the superior surface of the 
specimens did not reveal the vertically oriented lines described 
above, probably because they were no longer perpendicular 
to the sound beam. Instead, a different group of horizontally 
oriented linear echoes were seen arising from the supero- 
lateral angles of the ventricles, extending laterally and oriented 
perpendicular to the sonographic beam (Fig. 5); 


CT Studies 


CT scans correlated well with the sonographic findings, 
showing barium in veins corresponding in location to the lines 
imaged by sonography. 


Radiographs 


Radiographs of the barium-injected, sectioned autopsy 
specimens are presented in Figure 6 and confirm that the 
Structures described above correspond in location and distri- 
bution to deep cerebral veins. 


Fig. 1.—Axial scan of a fetal head obtained 
above level of thalamus reveals three parallel 
lines (arrows). Inner line represents interhemi- 
spheric fissure. Previous descriptions of fetal 
intracranial anatomy assumed that outer lines 
originated from lateral walls of lateral ventricles. 





Fig. 2.—Coronal scan of fetus with mild ven- 
triculomegaly shows frontal horns of lateral ven- 
tricles (arrowheads) inferior to and separate 
from three lines seen on axial scans (arrows). 
Outer lines originate near superolateral angles 
of ventricles. 


r 














Fig. 3.—A, Axial scan obtained caudad to 
level of three lines shows choroid plexus (ar- 
rows) in lateral ventricles. Note fluid between 
choroid plexus and wall of ventricle in region of 
body and atrium, indicating presence of mild 
ventriculomegaly (arrowheads = ventricular 
wall). 

B, Cororal image reveals that lines originating 
at superolateral angles of ventricles consist of 
several slightly divergent linear echoes (open 
arrows). 


Fig. 4.—A, Axial image of an adult brain, obtained at level of lateral ventricles (straight arrows). Note that line (curved arrows) is located lateral to 
ventricularwall (arrows) and is clearly different from it. 

B, Axiallimage of brain obtained cephalad to level of ventricles reveals three parallel lines. Outer lines are composed of multiple, closely spaced dots 
and short near echoes, consistent with the expected appearance of veins seen on end (black arrows). 

C, Axialsean of brain, performed near level of the ventricles, reveals that closely spaced dots and linear echoes (representing deep medullary veins) 
have converged into a bright specular reflector (arrows), probably caused by longitudinal caudate veins running perpendicular to sonographic beam. 


Discussion 


The owter lines seen on high-axial images of the fetal head 
are located cephalad to the lateral ventricles and thus do not 
represent the lateral walls of the ventricles. This report dem- 
onstrates that these lines most likely originate from deep 
cerebral veins, since the structures imaged correspond in 
location and distribution to the deep medullary and longitudi- 
nal caudate veins [16-18]. 

Major groups of deep medullary veins are oriented in hori- 
zontal amd vertical planes, and appear to fan out into the brain 
from the superolateral angles of the lateral ventricles. These 
veins drain the white matter and converge near the angles of 
the lateral ventricles, where they empty into either subepen- 
dymal veins or longitudinal caudate trunks [17]. The latter are 


oriented perpendicular to the deep medullary veins and run in 
a horizontal plane just outside the ventricular angles. The 
convergence of the dot-like echoes seen on high-axial scans 
into a bright specular reflector near the level of the lateral 
ventricles is probably attributable to both the presence of the 
longitudinal caudate veins and the inability of sonography to 
resolve closely spaced small echoes. 

In the past, lateral ventricular/hemispheric ratios have been 
used to determine whether hydrocephalus is present [1-9]. 
The lateral ventricular/nhemispheric ratio is defined as the ratio 
of the width of a lateral ventricle to the width of the corre- 
sponding cerebral hemisphere. An increase in this ratio was 
thought to be an early sign of fetal hydrocephalus. These 
methods of calculating the ventricular/hemispheric ratio would 
appear to be invalid, since they mistakenly assume that the 
lines originate from the ventricular walls. 


It is still possible, however, that the lines could be used to 
indirectly locate the ventricles, since the deep medullary veins 
do converge toward the angles of the lateral ventricles. Thus, 
when the ventricular walls are displaced laterally in the pres- 
ence of hydrocephalus, it seems logical that the veins might 
also be displaced. Further investigation is needed to confirm 
the validity of this hypothesis, and alternative methods of 
precisely defining all degrees of hydrocephalus must be sci- 
entifically validated. 





Fig. 5.—Coronal image from top of an adult 
autopsy brain reveals horizontally oriented lines 
(arrows) originating from superolateral angles of 
ventricles and extending laterally in a plane ap- 
proximately perpendicular to sonographic beam. 
Vertically oriented group of lines is not seen, pre- 
sumably because it is not perpendicular to sono- 
graphic beam in this projection. 
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Fig. 6.—A, Radiograph of coronally sectioned autopsy specimen ob- 
tained after injection of a barium sulfate-gelatin suspension into right 
internal cerebral vein. Deep medullary veins appear to fan out into brain 
from superolateral angle of lateral ventricle. A major group of these veins 
is oriented vertically and accounts for outer two lines routinely imaged on 
axial scans during prenatal sonography; these veins also account for linear 
echoes seen oriented perpendicular to sonographic beam when coronal 
images were obtained from side of head (arrowheads). A similar group of 
veins oriented in a horizontal plane explains lines imaged in Fig. 5 when 


coronal scans were obtained from top of head (arrows). 

B, Radiograph of autopsy specimen sectioned axially after injection of 
barium-sulfate suspension into left internal cerebral vein. Section above 
level of lateral ventricles shows deep medullary veins filled with barium 
and arranged in a horizontally oriented line (arrowheads). 

C, Axial section obtained caudad to B at level of lateral ventricles shows 
barium in longitudinal caudate trunks located outside ventricular wall 
(arrows). 


Patricia Gallagher’ 
Charles J. Fagan 
Deepak G. Bedi 
Mary Z. Winsett 
Raul N. Reyes 


Received May 18, 1987; accepted after revision 
July 13, 1987 


' All authoss: Department of Radiology, The Uni- 
versity of Texas Medical Branch, Galveston, TX 
77550. Address reprint requests to P. Gallagher. 


AJR 149:1013-—1015, November 1987 
0361-803X/8/1495-1013 
© American Foentgen Ray Society 


1013 


Potential Placenta Previa: Definition, 
Frequency, and Significance 





Sixty-three (5%) of 1239 women studied by sonography during the second trimester 
of their pregnancies had a diagnosis of placenta previa. Follow-up was available for 51 
of the 63 patients; in three of these, the original diagnosis was complete placenta previa, 
and in the other 48, the first diagnosis was partial or marginal placenta previa. At term, 
placenta previa was seen in only four patients for an overall frequency of 0.3% (4/1227). 
In all three of the patients with complete placenta previa, the condition persisted from 
the second trimester to term; previa persisted in only one of 48 patients with marginal/ 
partial previa. 

Because of the infrequent persistence of marginal or partial placenta previa to term, 
we recommend using the term “potential placenta previa” in the second trimester, with 
follow-up sonography indicated only for vaginal bleeding. 


Placenta previa is defined as the presence of placental tissue partially or fully 
covering the internal cervical os. Sonography is the method that best shows the 
normal or abnormal relationship of the placenta to the internal cervical os. Although 
the frequency of placenta previa at term is 0.5% or less, review of the literature 
discloses a marked variation in the overall frequency of placenta previa (0.4-45%) 
during the second trimester of pregnancy [1-5]. To account for this variability 
investigators have emphasized the importance of such factors as the degree of 
distension of the urinary bladder during the sonogram and the presence of focal 
uterine contractions [4-7]. Nevertheless, there is a low rate of persistence of 
placenta previa from second trimester [3, 4, 6] to term. 

A prospective study was performed to determine the frequency of placenta 
previa both in the second trimester and at term, and to identify a group of patients 
in whom placenta previa persists from the second trimester to term. Identification 
of this group would help avoid unnecessary repeat sonograms in many patients 
and would focus attention on those patients who are at highest risk for placenta 
previa at term. 


Materials and Methods 


During the 14-month period from April 1985 to May 1986, we performed sonograms on 
1239 pregnant women in their second trimester. The examinations were done with real-time, 
gray-scale equipment using a 3.5-mHz transducer. 

All patients were first examined with their bladders distended. If placenta previa was seen 
or suspected, the patients were rescanned after partial or complete bladder emptying. 
Scanning was performed intermittently over a 30-45 min period, when appropriate, to 
differentiate between lower uterine myometrial contractions and a placenta previa. When a 
placenta previa was diagnosed, repeat sonography was scheduled to be done at 36 weeks 
gestation. We included in this study only those patients who had follow-up, third-trimester 
sonograms or whose Clinical records of delivery were available. 

Complete placenta previa was diagnosed when the placenta completely coverec the internal 
cervical os. A marginal or partial placenta previa was diagnosed when the placenta was 
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adjacent to or partially covered the internal cervical os. We did not 
make a distinction between these latter two entities, since this often 
is not feasible sonographically [4]. 


Results 


Of the 1239 patients studied by sonography in the second 
trimester, 63 (5%) had a placenta previa. The average ges- 
tational age of these 63 patients was 21 weeks. Twelve of 
the 63 were lost to follow-up. Fifteen of the remaining 51 
patients did not keep their appointment for a follow-up sono- 
gram in the third trimester, but had medical records of a 
vaginal delivery (seven patients) or cesarean section (eight 
patients), indicating no clinical evidence of a placenta previa 
at term. Of the 36 patients who had follow-up sonography in 
the third trimester, only four had a placenta previa. The 
average gestational age at the time of the follow-up exami- 
nation was 35 weeks. Thus, in only 8% (4/51) of cases did 
second-trimester placenta previa persist at term. The overall 
frequency of placenta previa at term was 0.3% (4/1227). 
Three of the placenta previas at term were complete, and one 
was marginal. In all three of the patients with complete 
placenta previa, the condition persisted from the second 
trimester to term; previa persisted in only one of 48 patients 
with marginal/partial previa (Fig. 1). 

A total of 10 patients of the 51 had second-trimester vaginal 
bleeding. Only one of the three complete placenta previa 
patients had bleeding in the second trimester; the other two 
developed it at 33 and 34 weeks, respectively. The single 
marginal placenta previa at term was not associated with 
vaginal bleeding. In this case, a term fetus was delivered by 
cesarean section without a trial of labor. 


Discussion 


Review of the literature reveals that the reported frequency 
of placenta previa during the second trimester of pregnancy 
ranges from 0.4% to 45% [1-5]. A false-positive sonographic 
diagnosis of placenta previa is the major contributor to this 
variation [4, 6]. This stems primarily from myometrial contrac- 
tions and overdistension of the urinary bladder [4-6]. The 
mechanism by which these two factors can produce the 
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erroneous appearance of a placenta previa has been well 
described by other investigators [4-7]. Briefly, myometrial 
contractions can simulate the placenta or displace the edge 
of the placenta to the internal cervical os. Contractions often 
resolve in minutes, allowing differentiation from true placenta 
previa, but can occasionally persist for 1 hr or more. The 
overdistended bladder, by approximating the anterior and 
posterior uterine wall, can make a low-lying placenta appear 
to be a placenta previa. This can be avoided by rescanning 
with the bladder partially or completely empty. Despite this, 
most of the cases of true-positive placenta previa in the 
second trimester did not persist to term. This was particularly 
true with those patients in whom the placenta previa was 
marginal or partial (1/48). All three of the cases of complete 
placenta previa persisted. This supports the findings of Town- 
send et al. [4], which suggest that a placenta that completely 
covers the internal cervical os remains anchored in this posi- 
tion. In contrast, the partial or marginal placenta previa “mi- 
grates” away from the internal cervical os in response to 
further growth of the lower uterine segment. 

Artis et al. [5] found a frequency of placenta previa in the 
second trimester similar to that present at term (0.4%). A 
careful scanning technique undoubtedly contributed to this 
low figure. This included rescanning the patient on another 
day, if necessary, to allow myometrial contractions to resolve. 
However, we think this figure may be too low and reflects the 
relatively small number of patients evaluated in the study. 

A preliminary study with MR imaging has shown that MR 
is superior to sonography in evaluating the degree of placenta 
previa [8]. In patients with posterior placenta previa at term, 
in which shadowing from the fetal skull often obscures the 
placenta, this technique may prove invaluable. Our single 
persistent marginal or partial placenta previa was located 
posteriorly and might have benefited from such an analysis. 
However, further studies are needed to document that MR 
imaging is not subject to interpretive errors due to myometrial 
contractions. 

We think it is appropriate to qualify marginal or partial 
placenta previa diagnosed in the second trimester as a poten- 
tial complication of pregnancy, and we recommend that the 
term “potential placenta previa” be used to describe these 
cases. The word “potential” conveys the possibility that there 


Fig. 1.—Resolution of a marginal/ 
partial placenta previa. 

A, Longitudinal sonographic image 
at 20 weeks shows placenta partially 
covering internal os. 

B, On a follow-up sonogram in the 
third trimester placenta is no longer 
visible in lower uterine segment. 

E = endocervical canal, P = pla- 
centa, arrow = internal cervical os. 
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may be no placenta previa at term. Routine follow-up sonog- 
raphy is not advocated in this group unless vaginal bleeding 
occurs. Complete placenta previa is likely to persist at term. 
A repeat sonogram at 36 weeks or earlier for any episode of 
vaginal bleeding is recommended. 
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Book 





Review 


Investigational Techniques in Oncology. Edited by Norman M. Bleehen. New York: Springer-Verlag, 222 pp., 


1987. $79 


This book represents the edited text papers that were presented 
at the eighth annual multidisciplinary symposium on clinical oncology 
organized by the Royal College of Radiologists. The volume is in- 
tended to highlight the newer areas of molecular biology and radio- 
logic techniques that are of interest to the oncologist. | think the book 
has done this well. The book is composed of 11 papers written by 
11 senior authors. 

The first two chapters are entitled “Techniques for the Determina- 
tion of Tumour Neuroendocrine Differentiation and for the Localisation 
of Intracellular Organelles Involved in Peptide Synthesis, Storage and 
Release” and “New Molecular Techniques in Pathological Diagnosis: 
Visualisation of Genes and mRNA in Human Tissue,” respectively. 
These two chapters are of little interest to diagnostic radiologists. 

The third chapter is entitled “Statistical Methods of Evaluating and 
Comparing Imaging Techniques.” It discusses five different types of 
Study designs that are used to evaluate or compare imaging tech- 
niques used in oncology. It has useful information for everyone 
involved in imaging studies. The fourth chapter is entitled “Digital 
Subtraction Angiography.” This chapter describes the benefits of 
both IV and intraarterial digital subtraction angiography over conven- 
tional angiography. It also emphasizes the limitations of this technique 
in patients who cannot voluntarily suspend respirations and move- 
ment. Chapter 5 is entitled “Interventional Radiology in Oncology.” It 
focuses on interventional techniques that can be used to biopsy 
tumors and to relieve obstructions of the biliary and urinary tracts in 
patients with widespread tumor and also describes tumor emboliza- 
tion procedures that can be used to control pain produced by large 
nonresectable tumors, such as renal cell carcinoma and hepatic 
metastases. Embolization therapy to control bleeding from pelvic 
tumors also is discussed in some detail. 

Chapters 6, 7, and 8 discuss CT, MR, and sonography, respec- 
tively, in the diagnosis and management of patients with known or 
suspected neoplasms. The chapter on CT emphasizes the fact that 
CT detects enlarged nodes but that both benign and malignant 
conditions can produce nodal enlargement. Needle biopsy of enlarged 


nodes via CT guidance is discussed, particularly for the staging and 
management of patients with bronchogenic carcinoma. The chapter 
on MR briefly reviews the principles of MR and then discusses the 
role of MR in assessing tumors of the pelvis, pancreas, and the 
musculoskeletal system. The chapter on sonography reviews the role 
of sonography in assessing abdominal and pelvic neoplasms, and 
complications occurring in patients with tumors. The author states 
that sonography is noninvasive, easily performed on most patients, 
and relatively inexpensive. It also can be used to direct needle 
biopsies of nodes and tumors within the abdomen and pelvis. 

Chapter 9 is entitled “Nuclear Medicine Techniques in Oncology.” 
This chapter discusses some new advances in bone scintigraphy, 
such as the use of MHDP as the best bone scanning agent. The role 
of bone scanning in the assessment of patients with carcinoma of 
the breast, bone, and bronchus is discussed at some length. Chapter 
10 discusses the technology and application of positron emission 
tomography in oncology. This chapter is brief and is of little value to 
most diagnostic radiologists, though it will be of some interest to 
oncologists. The final chapter is entitled “Recent Advances in Radio- 
therapy and Oncology and Expectations for the Future.” 

The book is well written and provides an interesting introduction 
to many areas of modern diagnostic radiology. The discussions are 
too limited to be of value to most experienced radiologists, but they 
will provide the medical student, radiology resident, and medical 
resident with a good overview of those newer radiologic techniques 
that are being used in clinical oncology. The illustrations and tables 
are well done throughout the book. 

| would recommend that radiology and medical school libraries 
purchase the book but that individual practicing radiologists should 
not spend approximately $79 for this monograph. 
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CT Features of Hyperostosing 
Meningioma En Plaque 





Hyperostosis of the sphenoid ridge or convexity of the skull associated with menin- 
gioma en plaque (MEP) is often confused with other hyperostosing conditions, such as 
fibrous dysplasia or osteoma. The authors present nine cases, six of them proven, of 
hyperostosing MEP with specific attention to the CT features. All nine cases had one or 
more CT features that were characteristic or suggestive of MEP. These included 
periosteal pattern of hyperostosis, inward bulging of the vault lesion, surface irregularity 
of the hyperostotic bone, and intracranial changes. 

The role of CT in evaluating MEP is compared with other neuroradiologic techniques. 
The results indicate that high-resolution CT is the neuroimaging method of choice in 
evaluating MEP. 


Meningioma en plaque (MEP) provokes an adjacent bony hyperostosis that is 
often disproportionately greater than the relatively small underlying intracranial 
tumor [1, 2]. The bony hyperostosis produces clinical signs and symptoms by 
pressing against adjacent structures [1, 3]. Hyperostosis of the skull associated 
with MEP is often confused with other hyperostosing conditions such as fibrous 
dysplasia or osteoma. CT has established itself as a primary diagnostic technique 
for evaluating the brain and skull, yet literature describing CT features of hyperos- 
tosing MEP has been scant. We present nine cases, six of them proven, of 
hyperostosing MEP with specific attention to CT features. We also compare the 
role of CT with other neuroradiologic methods in the evaluation of hyperostosing 
MEP. 


Materials and Methods 


Nine cases of hyperostosing MEP were encountered during the period from May 1978 to 
June 1986. These included four cases (cases 1, 3, 8, 9) reported previously [4], which 
displayed a subdural layer of ossification as a characteristic feature of MEP. All nine cases 
had CT without and with infusion. Eight of these had CT with a high-resolution scanner, and 
one case (case 9) had an initial CT with an older-generation scanner and a follow-up CT 5 
years later with a high-resolution scanner. 

In all nine cases that had CT with a high-resolution scanner, the hyperostotic bone was 
evaluated with bone window settings that ranged from 400-1000 H in window level and 
1800-3000 in window width. 

All nine cases had plain skull films. Seven of these had a polytomogram of the hyperostotic 
bone and six had cerebral angiography. Two of the nine cases had MR (0.5 T, spin-echo, T1- 
and T2-weighted images). 

Six (cases 1-6) of nine cases were surgically proven as hyperostosing meningioma en 
plaque. Tumor cells were present in the hyperostotic bone as well as in the subdural space 
in all six cases. The three unproven cases (cases 7-9) were diagnosed as hyperostotic 
meningioma en plaque on the basis of the age of the patient, clinical course, and characteristic 
radiographic findings, which included periosteal pattern of hyperostosis in case 7 and subdural 
ossification in cases 8 and 9. 
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Results 


Location of Hyperostosis. Hyperostosis was located in the 
sphenoid ridge in three cases, in the convexity in four cases, 
in the sphenoid ridge extending into the convexity in one 
case, and in the middle cranial fossa in one case. In three of 
five cases involving the convexity, hyperostosis was localized 
in the vicinity of the coronal suture. In the other two cases, 
hyperostosis covered an extensive area from the frontal re- 
gion to the parietooccipital region. 

Hyperostosis. Hyperostosis was sclerotic in all nine cases 
and was observed in four different patterns (Fig. 1). (1) 
Homogeneous pattern: Hyperostosis was of homogeneous 
density with the inner, middle, and outer tables ot distinguish- 
able as separate structures. (2) Periosteal pattern: Hyperos- 
tosis was noted on the outer and/or inner surface of the skull. 
The adjacent table of the dense compact bone was distin- 





Fig. 1.—Graphic depiction of hyperostotic patterns. 1. Normal. 2. Ho- 
mogeneous pattern: hyperostosis is of homogeneous density with the 
inner, middle, and outer tables not distinguishable. 3. Periosteal pattern: 
hyperostosis is noted on outer and/or inner surface of skull. The adjacent 
table of compact bone is distinguishable from the less dense hyperostotic 
bone. The adjacent tables and diploe are normal in thickness and density. 
4. Three-layer pattern: hyperostosis involves all three layers. The diploe 
remains less dense than the inner and outer tables, permitting all three 
layers to be distinguished. 5. Diploic pattern: hyperostosis involves the 
diploe, which is slightly less dense than the outer or inner tables of compact 
bone. Cortical definition of outer and inner tables is normally preserved. 
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guishable from the less dense hyperostotic bone. The adja- 
cent table and the diploe were normal in thickness and 
density. (3) Three-layer pattern: Hyperostosis involved all 
three layers. The diploe remained less dense than the inner 
and outer layers, permitting all three layers to be distin- 
guished. The overall thickness of the hyperostotic bone was 
rather moderate in degree in this pattern. (4) Diploic pattern: 
Hyperostosis involved the diploe, which was thickened and 
sclerotic. The outer and inner tables were distinguishable 
from the hyperostotic diploe, which was slightly less dense 
than the outer or inner table of the compact bone. The cortical 
definition of the outer and inner tables was normally pre- 
served. Two or more patterns were present in the hyperos- 
totic bone in four cases (cases 2, 5-7). 

Inward Bulging of the Inner Aspect of the Hyperostotic 
Bone. In all five cases with the hyperostotic bone in the vault 
(cases 3-5, 7, 9), there was inward bulging of the inner aspect 
(see Figs. 3, 4, 6). In four of these, there was also outward 
bulging of the outer aspect, giving a biconvex appearance 
(see Figs. 3 and 4). 

Surface Irregularity of the Hyperostotic Bone. Surface irreg- 
ularity was present either on the inner and/or outer aspect of 
the hyperostotic bone in six cases (cases 2, 4-8) (Figs. 2A, 
3, 4, 5D). 

Intracranial Enhancing Mass. In three (cases 2, 4, 6) of nine 
cases the subdural meningiomatous plaque was directly vis- 
ualized as a sheetlike enhancing mass along the plane of the 
meninges adjacent to the hyperostotic bone (Figs. 3B, 5A, 
5D). 

Subdural Ossification. In three cases (cases 1, 8, 9) a 
subdural layer of ossification along the hyperostotic bone with 
an intervening dural lucent line was noted. In case 9, the 
subdural ossification was not identified on the initial study 
performed with an older-generation scanner; however, it was 
subsequently shown on a follow-up study performed with a 
newer-generation scanner (Fig. 6A). 

Mass Effect on the Brain. In five cases (cases 3-5, 7, 9) 
with a hyperostotic bone in the vault, there were varying 
degrees of mass effect on the brain from subtle flattening of 
the cortical sulci beneath the hyperostotic bone to a gross 
midline shift (Figs 3A and 3B). 

Cerebral Edema. In one case (case 3), an area of vasogenic 
edema was present in the brain adjacent to the large hy- 
perostotic bone in the convexity. The clinical and CT features 
of the cases are summarized in Table 1; cases 1-6 were 
Surgically proven and cases 7-9 were unproven. 


Fig. 2.—Case 2. CT scans at bone window 
settings in axial (A) and coronal (B) views show 
periosteal hyperostosis (periosteal pattern) 
along inner and orbital surfaces of greater sphe- 
noidail wing. Adjacent inner and outer (orbital 
aspect) tables of compact bone are distinguish- 
able from less dense hyperostotic bone. The 
diploe is not hyperostotic. There is surface irreg- 
ularity of the hyperostotic bone. Three-layer pat- 
tern cf hyperostosis is noted in skull superior to 
sphenoid wing in coronal view (B). 
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Fig. 3.—Case 4. 


CT OF HYPEROSTOSING MENINGIOMA 
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A and B, CT scans without (A) and with (B) infusion of contrast medium show extensive hyperostosis in frontoparietal region on right. There is 
enhancing subdural meningiomatous plaque along hyperostotic bone. Right lateral ventricle is compressed and midline structures are displaced to left. 

C, CT scan with bone window settings at same level shows periosteal reactive bone (periosteal pattern) on inner and outer aspect of skull. Adjacent 
outer table of compact bone is distinguishable from less dense hyperostotic bone. Adjacent inner table is in some areas distinguishable from hyperostotic 
bone while in others the inner table blends with the hyperostotic bone. The diploe is intact. Note presence of intradiploic veins shown as dotlike lucencies. 


There is surface irregularity of the hyperostotic bone. 





Fig. 4.—Case 5. CT scan with bone window 
settings shows hyperostosis in left frontoparietal 
region in vicinity of coronal suture. Hyperostosis 
is of homogeneous density with inner, middle, and 
external tables not distinguishable as separate 
structures (homogeneous pattern). The hyperos- 
totic bone shaws a biconvex appearance. There is 
surface irregularity on inner aspect of hyperostotic 
bone. 


Other Neuroradiologic Investigations 


Plain Skull Films. The plain skull films were available in all 
cases. In two (cases 1, 6) of nine cases hyperostosis was not 


recognized, even in retrospect. In the other seven cases, 
hyperostosis was identified but its specific pattern could not 
be determined. In one case (case 4), pressure atrophy of the 
sella turcica in addition to hyperostosis in the convexity was 
noted. In another case (case 6) with MEP in the middle cranial 
fossa, the skull films showed the extracranial portion of the 
soft-tissue mass in the infratemporal region bowing the wall 
of the ipsilateral maxillary sinus. 

Polytomograms. Polytomograms were obtained in seven of 
nine cases, and hyperostosis was recognized in all seven. 
Details of hyperostotic pattern and recognition of the individ- 
ual layer of the hyperostotic bone were limited when com- 
pared with high-resolution CT. However, detection of subdural 
ossification was comparable to that of high-resolution CT and 
superior to the older-generation CT. 

Cerebral Angiograms. In six of nine cases, cerebral angio- 
grams were available for review. No tumor stain or encase- 
ment of arteries was noted in any case. Nonspecific displace- 
ment of the intracranial vessels was noted in three. In one 
case (case 3), the middle meningeal artery on the side of the 
lesion was hypertrophic. 

MR. Two cases (cases 5, 9) had MR, which did not show 
the intracranial meningomatous plaque in either case. CT did 
not detect the intracranial portion of the tumor as an enhanc- 
ing mass in these cases. Demonstration of mass effect on 
the brain was comparable to that of CT. In case 5, the 
homogeneous hyperostotic bone in the convexity seen on CT 
was shown as a homogeneous low-signal area. However, the 
fine surface irregularity on the inner aspect of the hyperostotic 
bone seen on CT was not demonstrated on MR. In case 9, 
the diploic pattern of hyperostosis in the vault seen on CT 
was well demonstrated on MR (Fig. 6B). The thickened diploe 
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was shown as an area of relatively high signal intensity 
whereas the outer and inner tables of the compact bone 
appeared as zones of low signal intensity. However, the 
subdural layer of ossification along the inner aspect of the 
hyperostotic bone seen on CT was poorly defined and the 
intervening dural lucent line was not demonstrated on MR. 


Discussion 


Meningioma en plaque (MEP) is a tumor of limited thickness 
that grows along the planes of the meninges and, in some 
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Fig. 5.—Case 6. A, CT scan with infusion 
shows an enhancing meningiomatous plaque 
(arrow) along middle cranial fossa on left. There 
is infretemporal extension of soft-tissue tumor 
(arrowheads). 

B, CT scan with bone window settings at same 
level shows subtle hyperostosis of middle cra- 
nial fossa on left (arrow). The hyperostosis in- 
volves all three layers (three-layer pattern). 

C, Section posterior to A with bone window 
settings shows diploic pattern of hyperostosis 
(arrow). 

D, Section anterior to A shows infratemporal 
extens on of soft-tissue tumor, bowing posterior 
lateral wall of maxillary sinus. There is surface 
irregularity of the hyperostotic bone. 


Fig. §.—Case 9. 

A, CT scan with bone window settings shows 
extensive hyperostosis in frontoparietal region 
on right. Hyperostosis involves the diploe. The 
inner and outer tables of compact bone are dis- 
tinguishable from slightly less dense diploe and 
are normally preserved (diploic pattern). There 
is inward bulging of inner aspect of hyperostotic 
bone. In addition, there is a subdural layer of 
ossification along inner aspect of hyperostotic 
bone with dural lucent interface. 

B, MR (T1-weighted) at corresponding level 
shows thickened diploe as an area of relatively 
high signal intensity between outer and inner 
tables of low signal intensity. Subdural layer of 
ossification seen on CT is poorly defined and 
intervening dural lucent line is not shown. 


cases, occupies a considerable area [5]. MEP commonly 
occurs along the sphenoid ridge or the convexity [1, 5]. MEPs 
are more likely to provoke adjacent bony hyperostosis from 
tumor invasion than are the larger globoid tumors [1, 2]. The 
bony hyperostosis associated with MEP is characterized by 
indolent growth [3] and is always sclerotic [3, 6, 7]. Previous 
radiographic descriptions of hyperostosis associated with 
MEP have been sketchy and based on plain film or tomo- 
graphic findings. High-resolution CT with bone window set- 
tings offers exquisite bony detail. 

Hyperostosis associated with MEP in the sphenoid ridge is 
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TABLE 1: Clinical and CT Features of Hyperostosing Meningioma En Plaque 








Hyperostotic Bone 


Intracranial Changes 











ee Inward En- Sub- 
nder toms Site Surface Bulging dural Pres- Cere- 
No. aii “me Type of Irre- (Con- hanc- Ossi- sure bral 
i gularity vexity ac fica- Effect Edema 
Lesion) wind tion 
1 36 F Blurred vision Sphenoid Three-layer = - + — - 
for 2 ridge 
menths 
2 30 M Exophthal- Sphenoid Homogeneous + + — — — 
mes, de- ridge periosteal 
creased vis- three-layer 
ual acuity diploic 
for 10 
menths 
3 47 M Lump on fore- Frontoparietal Homogeneous = + — -_ + + 
head for region in vi- 
several cinity of 
years coronal su- 
ture 
4 37 F Headache for Frontopar- Periosteal + + + - + - 
2 months ieto-tem- 
poral re- 
gions 
5 40 F Lump on fore- Frontoparietal Homogeneous + + — — + — 
head for 3 region in vi- —_ diploic 
years cinity of 
coronal su- 
ture 
6 33 M Facial swelling Middle cranial Three-layer + + — — — 
for 6 fossa diploic 
months 
7 46 F Exophthalmos Sphenoid Periosteal — — — — - 
for 5 years ridge 
Frontoparietal Homogeneous + + - _ + - 
region in vi- three-layer 
cinity of 
coronal su- 
ture 
8 60 F Exopthalmos Sphenoid Homogeneous + ~ + - - 
for 3 years ridge 
9 9g F No symptoms Frontopar- Diploic = + - + + — 
ieto-occipi- 
tal regions 
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Note.—Csses 1-6 were surgically proven and cases 7-9 were not proven. 


commonlyconfused with fibrous dysplasia. Two (cases 7, 8) 
of our four cases with MEP in the sphenoid ridge had been 
diagnosed elsewhere as fibrous dysplasia prior to referral to 
our institution. Two (cases 3, 5) of five cases with convexity 
MEP had been confused with either osteoma or fibrous 
dysplasia. 

The purpose of our classification of hyperostotic pattern 
was to find differential features from other hyperostosing 
conditions. such as fibraus dysplasia or osteoma. There was 
no relationship between the hyperostotic pattern and histo- 
logic type of MEP. Our own experience and review of the 
literature 15, 8-10] suggest that the hyperostotic patterns 
associatec with MEP are similar to those of globoid meningi- 
omas. 

The penosteal hyperestotic pattern (Figs. 1-3) was ob- 


served in three cases (cases 2, 4, 7), two in the sphenoid 
ridge and the other in the vault. The inner and outer tables of 
the compact bone were distinguishable from the less dense 
hyperostotic bone. The normal cortical definition of the outer 
and/or inner tables was preserved. The new bone growth 
probably resulted from periosteal stimulation by tumor inva- 
sion. When this type of hyperostotic pattern is present, differ- 
entiation from fibrous dysplasia is virtually assured. Fibrous 
dysplasia should not give rise to periosteal new bone forma- 
tion. 

In the three-layer pattern (Figs. 1-4, 5B), the involvement 
of the inner table is a feature that may differentiate MEP from 
fibrous dysplasia. However, this feature is valid only when the 
hyperostosis is located in the convexity and the degree of 
hyperostosis is substantial. Only one of four cases with the 
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three-layer pattern had a convexity lesion, and in this case 
hyperostosis of the inner table was mild in degree. 

Other patterns of hyperostosis do not serve to differentiate 
MEP from fibrous dysplasia on the basis of the type of pattern 
alone. However, inward bulging of the inner aspect of the 
hyperostotic bone is a feature that may serve to differentiate 
these conditions when the vault is the site of the lesion (Figs. 
3, 4, 6). This feature was observed in five cases (cases 3-5, 
7, 9). In fibrous dysplasia involving the convexity, the inner 
table is usually spared and a localized inward bulging of the 
inner table is rare [11]. 

An interesting feature associated with the hyperostosing 
MEP in the convexity is that the tumor is often localized in 
the vicinity of the coronal suture (Fig. 4). This has been 
observed by other investigators [12] and was present in three 
(cases 3, 5, 7) of five cases with hyperostosis in the vault in 
our series. In the other two cases (cases 4, 9), hyperostosis 
involved a wide area of the cranial vault, including the coronal 
suture (Figs. 3 and 6). 

Another useful feature in the differentiation from fibrous 
dysplasia is the surface irregularity in the hyperostotic bone 
associated with MEP (Figs. 2A, 3, 4, 5D). In fibrous dysplasia, 
the surface of hyperostosis tends to be smooth [6, 13]. 
Surface irregularity was observed in six of nine cases (cases 
2, 4-8). This feature allowed two additional cases to be 
differentiated from fibrous dysplasia. 

There is superficial similarity between homogeneous hy- 
perostosing MEP and osteoma in the cranial vault. However, 
differentiation between these two conditions should not be 
difficult. Osteoma usually arises from the outer table of the 
skull and rarely from the inner table [14]. Osteoma does not, 
as a rule, extend into the diploe [6, 15]. A biconvex appear- 
ance with inward and outward bulging has not been reported 
in osteoma. Another differential point is that osteomas do not 
extend across suture lines, whereas hyperostosis from me- 
ningiomas may cross suture lines [9]. Thus eight of our nine 
cases of MEP could be differentiated from fibrous dysplasia 
or osteoma on the basis of CT appearance of hyperostosis 
alone. 

CT also provides excellent demonstration of the intracranial 
changes associated with MEP. Demonstration of an enhanc- 
ing intradural plaque (Figs. 3B, 5A, 5D) or a subdural layer of 
ossification [4] (Fig. 6A) is characteristic of MEP. Another 
differential feature was pressure effect on the brain (Figs. 3A 
and 3B). This was seen in five cases, all with the lesion in the 
convexity. The pressure effect on the brain was due to inward 
bulging of the hyperostotic bone. In fibrous dysplasia involving 
the convexity, the curvature of the inner table is normally 
preserved and the presence of pressure effect on the brain is 
unusual [11]. 

The presence of cerebral edema is another valid differential 
feature from fibrous dysplasia or osteoma. However, cerebral 
edema was seen in only one (case 3) (11%) of nine cases 
with MEP. This is compared with an incidence of 46% [16] to 
73% [17] with the globoid meningioma. 

Utilizing the above-described features of bony hyperostosis 
and intracranial changes, high-resolution CT facilitated the 
diagnosis of MEP in all nine cases. 
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The value of high-resolution CT in evaluating MEP was 
compared with that of other neuroradiologic imaging tech- 
niques. The plain skull film was of limited value. In two of 10 
cases, the plain skuli films failed to show hyperostosis asso- 
ciated with MEP. Hyperostosis shown on the plain skull films 
was nonspecific. In one case (case 4), the plain skull films 
showed pressure atrophy of the sella turcica, which was not 
shown on CT; however, CT showed an extensive hyperos- 
tosing lesion with a considerable degree of mass effect on 
the brain (Figs. 3A and 3B). The value of the plain skull films 
perhaps lies in their demonstration of the hyperostotic bone 
as a baseline study. 

Polytomography was inferior to high-resolution CT in eval- 
uating hyperostotic changes. Polytomography was unable to 
cemonstrate details of the individual layers of the skull or the 
relationship between the hyperostotic bone and the skull 
tables. No additional information was obtained by polytomog- 
raphy. 

Cerebral angiography was disappointing. No tumor stain, 
encasement of the arteries by the tumor, or other diagnostic 
features were observed. In one case (case 3), enlargement of 
the middie meningeal artery was present. Enlargement of the 
middie meningeal artery is nonspecific for meningioma and it 
may be seen in fibrous dysplasia. In our opinion, cerebral 
angiography is not helpful in the diagnostic evaluation of MEP. 

The value of MR in evaluating MEP is uncertain. It is known 
that MR is less sensitive than CT in detecting calcification or 
bony changes. MR's sensitivity in detecting the intracranial 
meningiomatous plaque is yet to be determined. MEP is a 
sheetlike tumor and MR has been known to be relatively 
insensitive in detecting small meningiomas. MR is probably 
more sensitive than CT in detecting cerebral edema associ- 
ated with MEP. However, the presence of cerebral edema 
occurred in only one (11%) of nine cases in our series. 

A hyperostosing MEP in the cranial vault is readily amenabie 
to radical excision. This is more difficult in the sphenoid ridge. 
However, wide excision of the involved bone in the sphenoid 
ridge with successful results has recently been reported 
[18]. Therefore, preoperative anatomic definition of the in- 
volved bone is important and best obtained by high-resolution 
CT. At surgery, the outer surface of the dura beneath the 
hyperostosing bone may appear smooth and deceptively 
normal, as encountered in one (case 5) of our cases and by 
Toledo et al. [12]. Here, the preoperative diagnosis or a high 
degree of suspicion of hyperostosing MEP is essential so that 
at surgery the dura is incised and the subdural space is 
explored. 

in summary, high-resolution CT is the neuroimaging method 
of choice in evaluating MEP. All nine cases had one or more 
CT features that were characteristic or suggestive of MEP. 
Polytomography does not provide any additional information. 
Cerebral angiography is not useful in establishing the diag- 
nosis of MEP. The value cf MR in detecting the intracranial 
portion of the tumor is yet to be proved. 
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Elements of Digital Radiology. A Professional Handbook and Guide. By H. K. Huang. Englewood Cliffs, Nu: 


Prentice-Hall, 370 pp., 1987. $59.95 


This book provides a broad overview of techniques to acquire, 
store, transmit, and display digital images in radiology. The opening 
chapter on fundamentals reviews Fourier analysis and introduces the 
concepts of modulation transfer function and noise in digital imaging 
systems. The next three chapters deal with methods to acquire digital 
images. The first of these gives a detailed description of conventional 
projection radiography with film-screen systems, followed by discus- 
sions of techniques such as video, drum, and laser scanning that can 
be used to digitize radiographs. The next chapter focuses on systems 
that do not use film, including stimulable photophosphor plates, 
selenium plates, digital fluorography, and line- or spot-scanning sys- 
tems. The third chapter on acquisition presents three reconstruction 
techniques: Fourier projections, algebraic methods, and filtered back- 
projection. These introduce descriptions of X-ray CT, positron emis- 
sion tomography, single photon emission CT, and MR systems. The 
next chapter deals with digital image compression techniques, includ- 
ing error-free methods such as run-length or Huffman coding, while 
emphasizing a non-bit-preserving technique in the cosine transform 
domain. The last three chapters treat various aspects of picture 
archiving and communications systems (PACS). The first of these 
describes methods to store, retrieve, and transmit digital images. The 
second deals with display stations, image processing techniques, 
and film output of digital images. In the final chapter of the book, Dr. 
Huang gives the rationale for installing a PACS in his department at 
the University of California, Los Angeles. 

The comprehensive coverage of topics important to digital medical 
imaging is a major strength of this book. | am unaware of any other 


single publication that covers these applications in radiology with 
comparable depth and breadth. Because the book has only one 
author, it has a more coherent approach than that found in most 
anthologies. The author generally adopts a practical “here’s how it’s 
done” approach that is based solidly on his extensive personal 
experience. 

Although the book is relatively complete, some topics, such as the 
use of the modulation transfer function and noise along with analysis 
of receiver-operating characteristics to relate image quality to diag- 
nostic accuracy, receive cursory attention. This defect is compounded 
by the lack of comprehensive, current references to guide those 
readers who are interested in learning more about a topic. For most 
radiologists, some sections, such as those on the Fourier transform, 
may require more mathematics than the reader can muster. Other 
sections, such as those dealing with conventional radiography, may 
be too simplistic. Finally, the author's practical, experience-based 
point of view sometimes can become rather narrow. 

On balance, this book provides a good, comprehensive introduc- 
tion to digital radiology. Reacers who lack mathematical sophistica- 
tion can skip the equations and still find the text meaningful. Although 
the approach is often colored by the author’s own experience, | can 
think of no more qualified point of view than Dr. Huang’s. This volume 
should be of interest to a broad range of persons who wish to learn 
more about the important area of digital radiology. 

James L. Lehr 
The University of Chicago 
Chicago, IL 60637 
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MR Imaging of Lumbar 
Arachnoiditis 





To assess the usefulness of MR in defining the changes of lumbar arachnoiditis, we 
reviewed retrospectively the MR, plain-film myelographic, and CT myelographic findings 
in 100 patients referred for evaluation of failed-back-surgery syndrome. In 11 of 12 
cases of arachnoiditis demonstrated by plain-film and CT myelography, an abnormal 
configuration of nerve roots was seen by MR. The correlated MR and CT and plain-film 
myelographic changes were divided into three anatomic groups: group 1 showed 
conglomerations of adherent roots residing centrally within the thecal sac, group 2 
demonstrated roots adherent peripherally to the meninges giving rise to an “empty-sac” 
appearance, and group 3 demonstrated a soft-tissue mass replacing the subarachnoid 
space. There was one false-negative MR study. 

For the diagnosis of moderate to severe arachnoiditis, we found MR to correlate 
excellently with CT myelographic and plain-film myelographic findings. 


Spinal arachnoiditis is a cause of persistent symptoms in 6-16% of postoperative 
patients [1]. Its clinical diagnosis is difficult because it has no distinct symptom 
complex. Previously, the diagnosis of arachnoiditis has been confirmed by myelog- 
raphy and, less commonly, by CT and surgery. 

Recently, surface-coil MR imaging with thin slices (less than 5 mm) has been 
shown to be capable of defining the nerve roots within the thecal sac. We had 
identified by surface-coil MR what appeared to be arachnoiditis manifested as 
enlarged or clumped nerve roots in a pattern similar to that seen by CT myelogra- 
phy. 

To test the validity of these observations, we undertook a retrospective study of 
patients referred for evaluation of the failed-back-surgery syndrome who would be 
at risk for the development of arachnoiditis. Plain-film myelographic and/or CT 
myelographic studies were used as an objective measure of accuracy. An additional 
group of patients with no history of spinal instrumentation was also evaluated by 
surface-coil as a control group. 


Materials and Methods 


The study group consisted of a retrospective review of 100 patients who had a history of 
previous lumber spine surgery for disk disease and/or spinal stenosis who were referred for 
surface-coil MR and plain-film and CT myelographic evaluation of the failed-back-surgery 
syndrome. Of the 12 patients with CT and plain-film myelographic findings of arachnoiditis, 
MR studies were performed within 24 hr in eight cases, within 1-6 months in two cases, and 
within 2 years in two cases. In these last four cases, no changes in symptomatology occurred 
in the interval between CT/plain-film myelography and surface-coil MR studies. 

The MR examinations were performed on 1.0- or 1.5-T superconductive units (Siemens 
Magnetom) with a copper foil-wrapped circular surface coil operating in the receive mode. A 
50-cm body coil served as the radiofrequency transmitter. A complete study consisted of five 
acquisitions. Patient positioning and coil placement were first determined with a coronal study 
by using a repetition time (TR) of 500 msec and an echo time (TE) of 30 msec. 1-cm slice 
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thickness, 128 x 128 acquisition matrix, and one excitation. Total 
examination time was 1.1 min. Two axial- and two sagittal-plane 
acquisitions were obtained with a slice thickness of 4 mm, 2-mm 
interslice gap, and 256 x 256 or 256 x 512 acquisition matrix, 
yielding a 0.9- by 0.9-mm or 0.9- by 0.45-mm pixel size, respectively. 
The sagittal sequences were TR = 500-700 msec/TE = 17-30 msec 
(T1-weighted) with two excitations, and TR = 2000 msec/TE = 90 
msec (T2-weighted) with one excitation. Axial T1-weighted images 
were obtained with TR = 500-1000 msec/TE = 17-30 msec and 
two excitations. Intermediate (TR = 2000 msec/TE = 30 msec) and 
T2-weighted (TR = 2000 msec/TE = 90 msec) images were acquired 
with an asymmetric multiecho sequence with one excitation. All data 
were collected in the two-dimensional Fourier transform mode. Total 
examination time was 35-45 min. 

The comparative myelographic studies were performed with a 22- 
gauge spinal needle with instillation of 10-12 ml of metrizamide (190 
mg |/ml) intrathecally or 10-15 ml of iohexol (180 mg I/ml). Routine 
anteroposterior, lateral, and oblique views were obtained. Subse- 
quent CT examinations were performed 4 hr after the myelogram 
with a Siemens DRH scanner operating at 125 kVp with a 4-mm slice 
thickness. The surface-coil MR study and plain-film myelogram and/ 
or CT myelogram studies were evaluated independently by two of 
us, without knowledge of the results of the other studies. 

The surface-coil MR studies were evaluated for (1) the appearance 
of the dural tube on axial and sagittal images, (2) the appearance and 
location of the intrathecal lumbar nerve roots, and (3) signal-intensity 
changes of the thecal sac or nerve roots. The CT myelograms were 
evaluated in a manner similar to (1) and (2) above, with the exception 
that only axial images were obtained. The plain-film myelograms were 
evaluated for features of arachnoiditis including (1) blunting of the 
nerve-root sleeves, (2) lack of visibility or clumping of nerve roots, (3) 
irregularity of the thecal sac, and (4) myelographic block. 

The control-group patients were identified as patients referred for 
an MR study for back pain with no previous history of myelography 
or spinal surgery. Ten of these 20 patients had a plain-film and/or CT 
myelogram within 1 week of the surface-coil MR study. These MR 
studies were also interpreted independently of the plain-film/CT mye- 
lography studies. 


Results 


Controls 


None of the 20 patients in the control group had changes 
suggestive of arachnoiditis. A sampling of the variable ap- 
pearances of the normal lumbar roots by surface-coil MR is 
presented in Figure 1. A total of 54 axial vertebral body levels 
were examined in this group with a distribution as follows: 
L2, three; L3, 12; L4, 20; and L5, 19. At the L2 level, the 
roots were seen as a mass of soft-tissue signal in the de- 
pendent portion of the thecal sac. The roots assumed a 
smooth crescentic appearance after the curvature of the 
thecal sac. The common pattern of the nerve roots at the L3 
level was one of a group of roots amassed posteriorly (de- 
pendent position), which was crescentic and smooth, or more 
globular and irregular in appearance. The roots about to exit 
the dural tube were placed anterolaterally in a symmetric 
pattern. At the L4 level, the roots were often dispersed 
enough that they were seen as separate delicate entities, 
arranged in a symmetric pattern within the CSF. By the L5 
level, the few roots present were equally spaced from one 
another within the thecal sac. A pattern of conglomeration 
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Fig. 1.—Variable appearance of normal lumbar nerve roots on axial T1- 
weighted images, by vertebral body level. 


L3 


L4 


LS 


within the center of the thecal sac was conspicuously lacking 
at this level. While the nerve roots were visible on T1-weighted 
images, they were appreciated most easily against the back- 
ground of high signal provided by T2-weighted images. 

Midline sagittal images showed the roots as a single band 
of intermediate signal intensity following the posterior thecal 
sac. The band of roots gradually tapered from the conus to 
the L4 level. Parasagittal images showed the roots dispersing 
in a fan-shaped manner as they traveled anteroinferiorly. 


Postoperative Patients 


Of the 100 patients examined, 12 had CT and plain-film 
myelographic changes of arachnoiditis. In 11 of these cases, 
surface-coil MR demonstrated a pattern of nerve roots that 
was believed to be abnormal (based on the criteria established 
by the control group) and consistent with arachnoiditis. The 
correlated surface-coil MR/CT myelography/plain-film mye- 
lography morphologic changes were divided into three 
groups. 

Group 1.—In this group (three patients), the predominant 
surface-coil MR findings were large conglomerations of nerve 
roots residing centrally within the thecal sac (Fig. 2). No 
peripheral dural thickening was seen. The nerve roots were 
seen on T1-weighted images as rounded areas of soft-tissue 
signal. Improved definition of the clumped nerve roots was 
seen with the high contrast provided by the high CSF signal 
on T2-weighted images. The CT myelographic appearance 
was similar to that of the T2-weighted surface-coil MR images, 
showing central thickening of the nerve roots. Again, no focal 
or diffuse dural thickening was seen. The myelograms varied 
in appearance from loss of definition of the root sleeves with 
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Fig. 2.—Group 1 pattern of arachnoiditis. 

A, Anteroposterior view of iohexol myelogram 
shows thickened nerve roots within lumbar the- 
cal sac (arrows). 

B, CT myelogram at level of L4 disk shows 
thickened, adherent nerve roots within central 
portion of dura! tube. 

C, T1-weighted axial MR image (TR = 500 
msec, TE = 17 msec) at same level shows ad- 
herent roots in pattern similar to B. 

D and E, sagittal T1- (TR = 500 msec, TE = 
17 msec) ard T2- (TR = 2000 msec, TE = 90 
msec) weighted MR images, respectively. Con- 
glomeration of roots extends to upper level of 
L5 body (arrowheads). 


thickened mots seen intrathecally to moderate narrowing and 
irregularity of the contrast column. 

Group 2—In this group (five patients), surface-coil MR 
demonstrated clumped nerve roots attached peripherally to 
the meninges (Fig. 3). This appeared as focal thickening of 
the meninges. with few or no nerve roots visible within the 
subarachneid space. T2-weighted images provided the best 
definition cî the peripheral nerve roots and the central homo- 
geneous CSF. The appearance was essentially one of an 
“empty thecal sac." The CT myelograms also showed focal 
thickening of soft-tissue attenuation peripherally along the 
meninges. The central portion of the subarachnoid space 
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showed homogeneous contrast with few or no nerve roots. 
The myelograms showed a capacious thecal sac with a 
smooth outer border, amputation of the root sleeves, and no 
nerve roots visible within the caudal thecal sac. 

One additional patient demonstrated findings of both 
groups 1 and 2, with central clumping of the roots at the L4 
level progressing to peripheral adhesions of the roots to the 
meninges at the L5 level. 

Group 3.—In this group (two patients), T1-weighted sur- 
face-coil MR images demonstrated increased soft-tissue sig- 
nal within the thecal sac below the conus medullaris, obliter- 
ating centrally the majority of the subarachnoid space (Fig. 
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Fig. 3.—Group 2 pattern of arachnoiditis. 

A, Anteroposterior view of iohexol myelogram 
shows amorphous appearance of caudal thecal 
sac without visible nerve roots or root sleeves 
below pedicles of L3. 

B, CT myelogram at level of L4 body shows 
empty-sac sign. Roots appear adherent to pos- 
terior wall of thecal sac (arrow). 

C and D, Axial T1- (TR = 500 msec, TE = 17 
msec) and T2- (TR = 2000 msec, TE = 90 msec) 
weighted MR images, respectively, at same level 
show similar findings of adherent roots (arrows). 

E, Sagittal T2-weighted MR image (TR = 2000 
msec, TE = 90 msec). Nerve roots (arrowheads) 
are seen closely applied to posterior thecal sac 
at lower level of L4 body. No normal nerve roots 
are seen passing anteriorly through thecal sac. 


4). T2-weighted images showed increased signal diffusely 
from the thecal sac without definition of individual nerve roots. 


5). Instead, MR showed inhomogeneous signal from the 
thecal sac, but no definite empty sac or central clumping. 


CT myelography showed increased soft-tissue attenuation 
material within the subarachnoid space with small loculated 
areas of contrast material peripherally. Myelography demon- 
strated blocks of the subarachnoid space in both patients, 
with the distal visualized subarachnoid space being irregular 
and assuming a “candle-dripping” appearance. 

There was one false-negative surface-coil MR study. In this 
patient, arachnoiditis seen on plain-film and CT myelography 
(in a group 2 pattern) was not seen on surface-coil MR (Fig. 


In all the cases, the abnormalities were seen at the L3 level 
or below. In all 11 patients the abnormal configurations of the 
nerve roots in the lumbar spine were seen over at least two 
vertebral-body levels (Table 1). 


Discussion 


The pathogenesis of spinal arachnoiditis is similar to the 
repair process of serous membranes, such as the peritoneum, 
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Fig. 4.—Group 3 pattern ofsarachnoiditis. 





E 


A, Anteroposterior view of iohexol myelogram via C1-C2 puncture. There is block at inferior level of L2 body, with candle-dripping appearance of distal 
contrast material. Note previous laminectomy and small epidural wire from dorsal column stimulation for pain control. 

B, CT myelogram at L3 level. Soft-tissue attenuation mass fills much of lumbar thecal sac. C, Axial T1-weighted MR image (TR = 500 msec, TE = 17 
msec) at same level. Thecal sac is nearly filled with mass of intermediate signal. CSF signal is present as peripheral rim about mass and in small central 


collection. 


D, Axial T1-weighted MR image (TR = 500 msec, TE = 17 msec) at L2 level. Adherent roots are also visible at this level, as well as small area of high 


signal from residual Pantopacue (arrow). 


E, Sagittal T1-weighted MRiimage (TR = 500 msec, TE = 17 msec). Abnormal mass of intermediate signal is present throughout lumbar thecal sac. 
F, Sagittal T2-weighted MRilimage (TR = 2000 msec, TE = 90 msec). High signal within dural tube does not allow distinction between normal CSF and 


arachnoiditis. 


with a negligible inflammatory cellular exudate and prominent 
fibrinous exudate. The ‘ibrin-covered roots stick to them- 
selves as well as to the thecal sac. Eventually, dense collag- 
enous adhesions are formed by proliferating fibrocytes during 
the repair phase [2]. 


Myelography in chronic spinal arachnoiditis produces a 
variety of patterns including prominent cauda equina nerve 
roots, a homogeneous contrast pattern without root shad- 
ows, and subarachnoid filling defects with narrowing and 
shortening of the thecal sac. Jorgensen and Hansen [3] 
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divided the myelographic patterns into two groups: type 1 is 
caused by an adhesion of the roots inside the meninges, 
giving a root “sleeveless” appearance. Type 2 demonstrated 
filling defects, narrowing, shortening, and occlusion of the 
thecal sac. Type 1 appears to be mild disease; type 2 is the 
picture of more extensive adhesions [3, 4]. With CT myelog- 
raphy, early adhesions are seen in the distal thecal sac as a 
loss of root-sleeve filling. Roots will become adherent to one 
another and to the dura, leading to the appearance of an 
empty sac [5]. As the transmeningeal fibrosis continues, the 
clumping becomes more prominent until the thecal sac and 
roots are one soft-tissue mass. This produces a myelographic 
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Fig. 5.—False-negative MR finding of arach- 
noiditis. 

A, Anteroposterior view of iohexol myelogram 
shows amorphous collection of contrast material 
in distal thecal sac representing arachnoiditis. 

B, CT myelogram at L5 level shows abnormal 
peripheral distribution of nerve roots. 

C and D, Axial T1- (TR = 500 msec, TE = 17 
msec) and T2- (TR = 2000 msec, TE = 90 msec) 
weighted MR images. Poor signal to noise does 
not allow demonstration of abnormal nerve-root 
morphology. Low signal lateral to dural tube is 
acrylic cement from previous posterior spinal 
fusion. 


block, and has been considered the “end stage” of arachnoid- 
itis [6]. 

In this series we identified the surface-coil MR appearances 
of arachnoiditis in 11 of 12 cases demonstrated by CT mye- 
lography and plain-film myelography. This represents a sen- 
sitivity of 92%, specificity of 100%, and accuracy of 99%. 
The surface-coil MR appearance of arachnoiditis was equiv- 
alent to the changes demonstrated by CT myelography. Cen- 
tral and peripheral adhesions of roots were the most common 
patterns. Central clumping (group 1) demonstrated large con- 
glomerations of roots residing centrally in the dural tube. 
Peripheral adhesions (group 2) gave rise to an empty-sac 
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TABLE 1: Levels Involved by Arachnoiditis on MR 


Type: Case No. Levels 
1, Conglomerations of adherent roots centrally 
within thecal sac: 
1 L3-S1 
2 L3-S1 
3 L4-S1 
4° L4 
2, Roots:adherent peripherally to meninges: 
4% LS 
5 L3-S1 
6 L3-S1 
7 L3-S1 
8 L4-L5 
9 L5-S1 
3, Soft-tissue mass replacing subarachnoid space: 
10 L4-S1 
11 L2-S1 


r man ec TITEL SE TLE CCE IE aL ED OT NR 
2 The findings of two groupsiwvere present in this patient. 


appearance, which was: especially evident on T2-weighted 
axial images. 

Our groups 1 and 2 patients fall within the type 1 category 
defined by Jorgensen aad Hansen [3], the difference being 
the distinction between central and peripheral clumping of the 
nerve roots. The more severe disease, (Jorgenson and Han- 
sen type 2) is reflected in our group 3, showing soft tissue 
replacing the subarachneid space on CT and surface-coil MR 
and giving rise to a block on myelography. 

The failure of surface-coil MR to diagnose arachnoiditis in 
one case most likely relates to poor image quality caused by 
patient motion. At our institution, T2-weighted images are 
usually acquired last, when patient fatigue and motion are 
maximum. 

The normal appearance of the nerve roots at the L2 or L3 
level could potentially be mistaken for arachnoiditis. In prac- 
tice, however, this was not a problem, since in our groups 
arachnoiditis involved the L3 level and below, and also ex- 
tended over at least twe lumbar-body levels. The diagnosis 
of arachnoiditis should rot be made on one axial image, but 
necessitates the visual integration of the appearance of the 
roots over several levels. Clumping of lumbar nerve roots will 
be seen with spinal stemosis, which could mimic a group 3 
type of arachnoiditis. However, associated bony and ligamen- 
tous findings allow a correct diagnosis. The distinction be- 
tween tumor and group © arachnoiditis may be impossible by 
MR, except for the secendary findings of previous surgery 
and/or Pantopaque myelography. Neoplastic CSF seeding 
could produce adhesions of the nerve roots indistinguishable 
from group 1 changes. Blowever, the roots seen in group 1 
arachnoiditis were generally smooth and tapered, in contrast 
to the focal, irregular tumor collections seen with CSF seed- 
ing. 

The most efficient sequence for imaging arachnoiditis is 
probably the axial T1-weighted sequence. It allows confidence 
in defining all three groups of arachnoiditis. A recent report 
has addressed the inability of heavily T2-weighted sequences 
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to distinguish inflammatory tissue (such as arachnoiditis) 
within the thecal sac with body-coil MR [7]. In our experience 
with surface-coil MR, the T2-weighted axial study was helpful 
in defining the distribution of roots in the thecal sac with 
greater contrast than was provided by T1-weighted images, 
at least for groups 1 and 2. However, the patholocy of group 
3 may potentially be masked on the T2-weighted study be- 
cause of high signal from the fibrosis and adhesions mimicking 
normal CSF signal. 

The causes of spinal arachnoiditis are varied and include 
infection, intrathecal steroids or anesthetic agents, trauma, 
surgery, and intrathecal hemorrhage [8]. All our patients had 
previous surgery. Retained Pantopaque was present in three 
patients (one each in groups 1, 2, and 3) and showed in- 
creased signal on T1-weighted images and low signal on T2- 
weighted images [9, 10]. One patient in group 1 received 
intrathecal steroids. It is not the purpose of this article to 
correlate postoperative symptomatology with the presence 
or absence of arachnoiditis, surgical type, or time interval 
since surgery. Rather, we have identified the morphologic 
changes of arachnoiditis by MR and correlated them with CT 
and plain-film myelography. 

Our groupings of the appearance of arachnoidtis by MR 
are by anatomic appearance and are not meant to imply 
discrete pathologic stages. Arachnoiditis is a dynamic process 
involving a spectrum of collagen deposition and fibrosis, rang- 
ing from minimal changes such as contrast enhancement of 
the dural tube or clumping of two or three roots to a soft- 
tissue mass involving roots and meninges [11]. in this study, 
we found no subtle cases of arachnoiditis by MR or CT or 
plain-film myelography. Whether MR can detect minimal 
nerve-root changes of arachnoiditis remains to be determined. 
Thickening of the posterior meninges, while potentially 
present, could not be seen because of the contiguous pos- 
terior epidural scarring that masks the outer margin of the 
dural tube. Nevertheless, for the diagnosis of moderate to 
severe arachnoiditis, surface-coil MR correlates excellently 
with CT myelographic and plain-film myelographic findings. 
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Chiari II Malformation: MR Imaging 
Evaluation 





The purpose of this study was to explore the value of high-detail MR imaging in the 
diagnosis of the Chiari II malformation. Twenty-four patients with known Chiari Il 
malformation as diagnosed by CT scanning were evaluated with cranial MR scans. Two 
patients also had spine scans. The sagittal-plane images were the most informative, 
and abnormalities of the telencephalon, diencephalon, mesencephalon, rhomboen- 
cephalon, upper spinal cord, and mesencephalon were shown extremely well. 

We found MR to be an easy and accurate method for demonstrating the abnormalities 
of the Chiari II malformation, and it is our procedure of choice. 


The Chiari II malformation is a complex developmental! deformity characterized 
by an elongated small cerebellum and brainstem with caudal displacement of the 
medulla, parts of the cerebellum, and pons through an enlarged foramen magnum 
into the cervical spinal canal [1]. A meningomyelocele is a nearly constant accom- 
panying feature, as is hydrocephalus. In addition, numerous other malformations 
of the neuraxis including polymicrogyria, subependymal heterotopias, beaked col- 
licular plate, aqueduct stenosis, diastematomyelia, diplomyelia, hydromyelia, and 
syringomyelia have been reported [1]. 

We had the opportunity to evaluate 24 patients with Chiari Il malformation with 
high-detail MR imaging. Most abnormalities previously described as seen by CT 
[2-5] were also seen by MR. In this article we review these abnormalities and 
report on other associated features of the Chiari malformation that either have a 
greater frequency than has previously been reported or that have not been 
described before. 


Subjects and Methods 


Twenty-four patients with meningomyeloceles and known Chiari II malformations as 
diagnosed by CT scanning were investigated with MR imaging. Three patients were less than 
1 year old, five were 1-5 years old, five were 6-10 years old, and 11 were 10-20 years old. 
In 21 of the patients ventricular shunts had been inserted previously; in one patient a lumbar 
subarachnoid-peritoneal shunt had been placed. Sagittal and axial head images were obtained 
in all patients. The majority of the sagittal images (16) were 3 mm thick; the rest were either 
4 or 5 mm thick. Eighteen patients had coronal scans (5-10 mm thick). Spin-echo techniques 
were used. Since the anatomy of the lesions was the prime consideration, mild T1-weighted 
images were obtained in all cases with a repetition time of 500, 600, or 800 msec and an 
echo time of 17 msec. T2-weighted images were not obtained routinely. In all patients, an 
attempt was made to include the upper cervical spine on the sagittal images. In addition, two 
patients had separate T1-weighted sagittal images of the spine, and one of the two had T2- 
weighted sequences as well. 


Results 


The results are categorized by the involvement of the different embryologic parts 
of the brain and are summarized in Table 1. 
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TABLE 1: MR Abnormalities in Chiari II Malformations 
a a a Ee aren tettt tt trae anne ene rr ee eed 


Location: Abnormality No. of Patients 


(n = 24) 
Telencephalon: 
Stenogyria 
Frontal horn beaking? 11 
Corpus callosum (partial agenesis) 8 
Supracerebellar CSF-containing spaces 10 
Third ventricle diverticulum 1 
Diencephalon: 
Enlarged third ventricle 3 
Large massa intermedia 16 
Elevation of hypothalamus 2 
Mesencephaion: 
Aqueduct not seen 17 
Bulbous tectum 14 
Beaked tectum 10 
Rhomboencephaion 
Absent cerebellar folia 12 
Superior vermis 9 
inferior vermis 10 
Overlapping anterior cerebellar margins 18 
Cerebellar vermial pegs 23 
Cervicomedullary deformities”: 
Type 1 6 
Type 2 7 
Type 3a 8 
Type 3b 3 
Pyramidal hypogenesis 4 
Spinal cord: 
Wide anterior space 9 
Syrinx 3 
Mesodermal: 
Clival scalloping 19 
Gyral interdigitations {falx hypoplasia) 9 
Wide incisura® 15 
Gyral indentations (into skull) 8 


ERT REE ETRE ERD PTT De ELE ENE TTT NG SEE TTT EAN 
* Twelve acceptable coronal scans of frontal horns. 


© See text for elaboration. 
° All 15 patients had overlapping anterior cerebellar margins. 


Discussion 


MR imaging is known to be superior to CT in demonstrating 
the craniovertebral junction, particularly the spinal cord, me- 
dulla, cerebellum, pons, and surrounding subarachnoid 
Spaces, and MR is perhaps the best technique for demon- 
Strating structural abnormalities of the Chiari II malformation. 
Although additional manifestations of the malformation such 
as aqueduct stenosis and massa intermedia enlargement are 
usually well defined by CT, MR demonstrates superior ana- 
tomic detail in these areas as well. 

The MR images of our patients, in addition to duplicating 
previous CT findings, highlighted other components of the 
malformation that previously have not been emphasized or 
described in the radiologic or neuropathologic literature. Each 
of the areas is discussed separately. 


Telencephalon 


Stenogyria.—Small, closely spaced gyral folds were seen 
in seven patients, five of whom also had partial agenesis of 
the corpus callosum (Fig. 1). Although this finding is usually 
termed “polymicrogyria" and is described as occurring in 
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about 50% of patients with the Chiari Il malformation [6, 7], 
according to Muller [8] the cerebral cortex in patients with 
the Arnoild-Chiari malformation is normal and should not be 
confused with true polymicrogyria, in which the cellular layers 
of the cortex are deficient. Muller used the term “stenogyria” 
to describe a histologically normal cortex thrown into innu- 
merable small, closely spaced folds. Although we have no 
histologic verification of normal cortical architecture in our 
patients, this term appears to be more appropriate for the 
MR appearances of the cortical gyral pattern in these patients. 

Anterior horns.—-Anteroinferior pointing of the anterior 
horns was seen in 11 of the 12 patients in this series in whom 
coronal scans had been obtained through the frontal horns 
(Fig. 2). In one series these appearances were seen on 
ventriculograms in 32 of 62 patients with the Arnold-Chiari 
malformation [9]. The cause of the findings was thought to 
be either a medially directed force causing undue juxtaposition 
of the two cerebral hemispheres or marked inward bulging of 
the caudate nucleus [4, 9]. 

Corpus callosum.—Partial agenesis of the corpus callosum 
was seen in eight (33%) of the 24 patients (Figs. 1, 3, and 4). 
Six of these patients had medial radiating sulci on the inner 
surface of the adjacent parietal lobes. in another four patients 
marked thinning of the posterior portion of the body and the 
splenium of the corpus callosum was seen, possibly a result 
of previous severe hydrocephalus. Other associated features 
of agenesis of the corpus callosum, such as dysplasia or 
absence of the cingulate gyrus [10], were seen in six of the 
eight patients. Failure of the parietooccipital and calcarine 
fissures to converge was seen in six patients. 

Agenesis of the corpus callosum in association with the 
Arnold-Chiari malformation has been described but not with 
this great a frequency. Gilbert et al. [11] described three 
cases of complete or nearly complete agenesis of the corpus 
callosum in a series of 25 autopsies of children with Arnold- 
Chiari malformations. Venes et al. [12] reported a case of 
partial agenesis of the corpus callosum demonstrated by MR, 
but the anomaly was not mentioned in the article. Two cases 
of the Chiari Il malformation demonstrated by MR were found 
in a series of 11 patients with agenesis of the corpus callosum 
described by Atlas et al. [13]. The association between the 
two anomalies further emphasizes the fact that the Chiari Il 
malformation invoives not only the hindbrain but also other 
fiber tracts in the human brain. 

The finding of a deformed corpus callosum on MR may be 
of some value in predicting intelligence in children with mye- 
lomeningoceles. Of the eight children with the anomaly, two 
are severely retarded and two require special schooling. One 
child appears to have a normal mental state, but is so disabled 
by extremity deficits and breathing difficulties that he cannot 
be tested easily. Only three appear to be developing normally 
with normal intelligence. The other 16 children without severe 
deformations of the corpus callosum all have normal or nearly 
normal intelligence. 

Supracerebellar CSF-containing spaces (CCS).—Wide su- 
pracerebellar CCS involving to varying degrees the quadri- 
geminal plate cistern, the cistern velum interpositum, the 
interhemispheric fissure, and the ambient cistern were seen 
in 10 of the 24 patients (Figs. 3-5). In one other patient the 
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Fig. 1.—Multiple, closely spaced gyri (open arrows) are Fig. 2.—A, Inferior pointing of lateral ventricular floor (arrows) is associated with 


radially oriented. Posterior portion of body and splenium of enlarged anterior horns. 


corpus callosum are absent (arrowhead). Rostrum of corpus B, Heads of caudate nuclei (arrows) bulge medially into anterior horns. Note enlarged 
callosum is absent (short solid arrow). Aqueduct is not seen lateral ventricles and occipital horn. Third ventricle is unusually large. 


and inferior colliculus (curved arrow) has beaked appearance. 
Fourth ventricle is at level of foramen magnum and inferiorly is 
seen extending through foramen magnum anterior to inferior 
vermial peg (long solid arrow) (group 2a in text). Clivus is 
concave. An insufficient amount of upper cervical canal is 
included on scan to determine whether cervicomedullary kink 
is present also. 





Fig. 3.—A, Body of corpus callosum is deformed and markedly thinned (large arrowhead). 
Splenium is absent. Cavum velum interpositum (long straight arrow) is markedly dilated displacing 
third ventricle anteriorly (smal! arrowheads) and communicating with enlarged superior cerebellar 
cistern (solid curved arrow). Tectum is beaked (open arrow). Aqueduct is not seen, and fourth 
ventricle inferiorly is seen extending through foramen magnum. Both inferior vermial peg (short solid 
arrow) and cervicomedullary kink (open curved arrow, group 3a) are present. 

B, Coronal view immediately posterior to corpus callosum. Absence of falx allows medial inter- 
hemispheric gyri to interdigitate (small arrowheads). Note enlarged supracerebellar cistern commu- 
nicating superiorly and laterally (curved arrow) with anomalous interhemispheric cistern. Lobules of 
posteromedial temporal lobes indent cistern medially (T). Note also indentation of left medial occipital 
gyrus (cingulate isthmus?) into interhemispheric cistern (long straight arrow). Left occipital horn (o) 
is inferiorly displaced. Cerebellum, indented by low tentorium (shorter straight arrows), herniates 
superiorly. Two sagittally oriented sulci are seen on superior surface of cerebellum (large arrow- 
heads). 





Fig. 4.—Absence of posterior part and splenium 
of corpus callosum is associated with medial ra- 
diating sulci (arrowheads). Large interhemispheric 
CSF-containing space communicates with en- 
larged cistern velum interpositum. Massa inter- 
media is enlarged (straight solid arrow). Note also 
beaked tectum, collapsed, nonvisualized fourth 
ventricle, inferior vermial peg (open arrow), and 
cervicomedullary kink (curved arrow). 
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Fig. 5.—A, Hypothalamus (/ong straight arrow) is elevated. Note mas- 
sive enlargement of fourth ventricle (with ventricular diverticuli inferiorly 
[small arrowhead]), apparently communicating superiorly with enlarged 
supracerebellar cistern. Tectum (large arrowhead) is displaced superiorly 
by fourth ventricle and is beaked. Inferior vermial peg is seen (open arrow). 
Inferiorly, dilated fourth ventricle extends through foramen magnum and is 
associated with buckling of medulla (curved arrow). Cerebellar tissue is 
seen ventral to pons (short straight arrow). Note also thinning of posterior 
portion of body of corpus callosum (possibly from hydrocephalus) as well 
as absence of splenium. Supracerebellar cistern (s) and interhemispheric 
cistern (0) are both enlarged. Choroid plexus of left lateral ventricle (c) 


spaces appeared to communicate freely with a markedly 
enlarged third ventricle. CT scans of previous hospital admis- 
sions for nine of these 11 patients were available for review. 
All the patients had been previously shunted for hydroceph- 
alus. There appeared to be a relationship between the size of 
the CCS and the presence of hydrocephalus, with the spaces 
being smaller or compressed when hydrocephalus was pre- 
sent and larger when the ventricles were effectively shunted. 
Lobules of the adjacent medial surfaces of the temporal and 
occipital lobes indented the lateral surfaces of the CCS in 
many of the patients (Figs. 3 and 5). 

Passive widening of the cortical sulci has been described 
after long-standing decompression of the ventricles of children 
with hydrocephalus and meningomyeloceles [14]. Naidich et 
al. [4] reported on the presence of a striking diamond-shaped 
cistern near the posterior end of the third ventricle in 26% of 
patients with the Chiari II malformation. They found that the 
cisterns, as in our cases, were largest in shunted cases. 
Masters [15] found eight cases of suprapineal recess enlarge- 
ment in a series of 24 autopsy cases of nonshunted Arnold- 
Chiari malformations. He found that the enlargement was 
related to the degree of hydrocephalus, and that when the 
suprapineal recess was severely dilatated it had ruptured into 
the subarachnoid space, giving rise to a spontaneous ventric- 
ulostomy. In only one of our cases did the third ventricle 
appear to communicate with the interhemispheric space. Zim- 
merman et al. [16] also described prominent interhemispheric 
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extends medially toward midline. Note enlarged massa intermedia (M). 

B, Coronal view. Note medullary buckle (arrowhead) and enlarged 
supracerebellar cistern communicating with interhemispheric cistern (long 
white arrow). Part of medial occipital gyrus indents cistern (short white 
arrow). Midline cleft is seen on superior surface of cerebellum (black 
arrow). Choroid plexus in left lateral ventricle (c) is indicated. Note also 
that cerebellum, indented by low tentorium (open arrows), herniates su- 
periorly. 

C, Axial view. Cerebellar migration is seen on each side of pons 
(arrows). Note enlarged fourth ventricle. 


fissures in 40 of 47 patients with the Arnold-Chiari I| malfor- 
mation, but did not relate the size of the fissures to the 
presence of hydrocephalus or shunting. 

In our cases an association of a widened CCS with partial 
agenesis of the corpus callosum was seen in all eight patients. 
Other authors have described marked elevation of the pos- 
terior third ventricle into the interhemispheric fissure in pa- 
tients with agenesis of the corpus callosum [10, 13, 17]. 
Probst [18] found superior extension of the third ventricle in 
40 of 50 children with agenesis of the corpus callosum. 

Midline interhemispheric cysts associated with agenesis of 
the corpus callosum have been described and should also be 
considered as a possible cause for the enlarged spaces 
behind the third ventricle in our patients [19-22]. Only in one 
patient (a patient with a cyst of the ambient cistern) did the 
borders of the space appear confined, as would be expected 
with a cyst; but in the remaining patients the CCS instead 
merged with the adjacent subarachnoid spaces. According to 
Kendall [10], the posterosuperior extension of the third ven- 
tricle in patients with agenesis of the corpus callosum can be 
sufficiently marked to almost fill the whole length of the 
interhemispheric fissure, and a greatly enlarged third ventricle 
may be the cause of most so-called interhemispheric cysts. 

We believe as others do that with hydrocephalus, which is 
almost an inevitable accompaniment of the Chiari II malfor- 
mation downward herniation of the medial temporal and oc- 
cipital lobes occurs through the wide tentorium [15]. Because 
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Fig. 6.—Superior vermial sulci (thin black ar- 
rows) are poorly seen on sagittal scan (A). On 
axial scan (8) sulci are faintly seen extending 
posteriorly (arrows), almost in sagittal plane. 
Subarachnoid space in front of upper cervical 
cord is wide (curved white arrow), but is obliter- 
ated at leve! of foramen magnum (straight white 
arrow). Other features of Chiari Il malformation 
on sagittal scan: enlargement of massa inter- 
media, bulbous tectum, widening of supracere- 
bellar-CSF cistern (c), nonvisualized aqueduct 
and fourth ventricle, group 3a cervicomedullary 
deformity with inferior vermia! peg (curved black 
arrow), medullary kink (thick black arrow), and 
concave clivus. Third ventricle, seen on axial 
view, is not enlarged. 


Fig. 7.—A, Marked hypogenesis of cerebel- 
lum (straight arrow), which lies almost com- 
pletely in upper cervical canal. Tectum (arrow- 
head) is elongated, beaked, and overlies dilated 
precentral and supracerebeliar cistern, which 
communicates freely through wide incisura with 
subarachnoid spaces on undersurface of occip- 
ital lobes. Note low position of hypogenetic mid- 
brain (m) and pons (p). Clivus is slightly concave. 

B, Axial scan at level of poms shows hypoge- 
nesis of pons anteriorly (arrow), cerebellar hem- 
ispheric lobules (arrowheads) on either side of 
open fourth ventricle and occipital lobe poste- 
riorly (O). Patient underwent cervical laminec- 
tomy. Cerebellum was almost completely lo- 
cated in cervical canal with cerebellar tonsils 
(curved arrow, A), forming inferior margin of 
anomaly. Medullary kink was not seen. 


the tentorium is deficient and its hiatus is enlarged, the medial 
temporal and occipital lobes are unsupported and subject to 
severe deformation. After ventricular shunting, the cortex 
infolds and there is considerable widening of the sulci [14]. 
The CSF is then directed into the enlarged retromesence- 
phalic cisterns and interhemispheric fissure [23] accounting 
for the CCS. This phenomenon would be facilitated by the 
wide tentorial incisura and also the loss of the supporting 
function of the posterior corpus callosum. 


Diencephalon 


Third ventricle/massa intermedia.—The third ventricle is 
generally only mildly dilatated in Chiari Il patients [4]. It was 
normal in 21 of our patients (Fig. 6B) and enlarged in three. 
The massa intermedia was enlarged in 16 (67%) of our 
patients (Figs. 4-6), an incidence similar to the 75-90% 
reported by others [4, 6]. 

Hypothalamus.—The hypothalamus was elevated and 
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stretched in two patients, neither of whom showed evidence 
of hypothalamic dysfunction. In one case (Fig. 5A) the stretch- 
ing was probably caused by the massive accompenying en- 
largement of the fourth ventricle displacing the midbrain and 
cerebellum superiorly. 


Mesencephalon 


Aqueduct.—The aqueduct was not seen or only faintly 
seen on sagittal images in 17 patients (Figs. 1, 4, 6, and 7). 
The explanation for the hydrocephalus in the Chiari II malfor- 
mation—whether aqueduct occlusion is present and whether 
it is primary or secondary—remains controversial. In a study 
of 100 brains from children dying with hydrocephalus and 
myelomeningocele, Emery [24] found that the aqueduct was 
always anatomically patent but that there was evidence of 
severe overall shortening of the aqueduct in almost all the 
cases. In these cases there was severe compression of the 
aqueduct by pressure from the occipital poles on the brain- 
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stem. Masters [15] examined 24 autopsy cases of the Chiari 
Il malformation and also concluded that the aqueduct is 
externally compressed at the level of the tentorial hiatus and 
that the degree of aqueductal narrowing is proportional to the 
degree of hydrocephalus. Yamada et al [25] studied 65 Chiari 
ll infants with intraventricular water-soluble contrast agents 
and found the aqueduct to be anatomically patent in all cases. 

We could not relate the nonvisualization of the aqueduct in 
our 17 patients to the degree of hydrocephalus, since in 14 
patients the ventricles were shunted effectively. In none of 
our patients did the medial temporal lobes appear to com- 
press the midbrain at the level of the aqueduct, and therefore 
we could not confirm the observations of either Masters [15] 
or of Emery [24]. In fact, in one nonshunted patient with 
hydrocephalus, the aqueduct was enlarged on both sagittal 
and axial images (Fig. 8). 

Tectum.—We classified the tectum as having a bulbous 
appearance (Figs. 1 and 6), in which the two inferior colliculi 
are elongated sagittally, or a beaked appearance (Figs. 3, 4, 
SA, and 7), in which the colliculi are fused to form a single 
conical mass [6, 7]. The tectum was bulbous in 14 patients 
and beaked in 10. While we considered that in most cases 
the tectal deformities were intrinsic to the malformation, it 
was possible, at least in one patient, that enlargement of the 
fourth ventricle mechanically caused the tectal deformity (Fig. 
9). According to Emery [24], there is an association between 
the degree of beaking, compression of the brainstem by the 
dilated ventricles, and narrowing of the aqueduct. We could 
not relate the appearance of the tectum to the nonvisualiza- 
tion of the aqueduct—a beaked tectum was seen in eight 
and a bulbous tectum was seen in nine of the 17 patients 
with nonvisualized aqueducts. 
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Rhomboencephalon 


Cerebellum.—The cerebellar folia of the vermis were either 
not seen or seen poorly on the sagittal and parasagittal 
images in 12 patients. In nine patients in whom they were not 
seen superiorly (Figs. 6A and 8A), diagnostically acceptable 
axial scans were available in six. In four of these six patients 
the folia and sulci were faintly seen to extend obliquely 
posteromedially or directly posteriorly in the sagittal plane 
(Figs. 6B and 10B). In one patient two parasagittal clefts were 
seen on each side of the superior vermis (Fig. 3A); in one 
patient a single cleft was present in the midline (Fig. 5B). In 
10 patients the folia were not seen inferiorly. 

Cerebellar dysplasia of some form is not uncommon in 
patients with the Amold-Chiari malformation, and disorders 
of neuronal migration (heterotopias and heterotaxias) were 
described in almost half of the 25 patients in the series of 
Gilbert et al. [11]. Variend and Emery [26, 27] found that the 
weight of the cerebellum in children dying with meningomye- 
loceles was diminished compared with normal children, and 
that the weight of the cerebellum was inversely proportional 
to the degree of the hindbrain deformity into the upper cervical 
canal (Fig. 7). A patient with marked cerebellar and brainstem 
dysgenesis similar to the one illustrated in Figure 7 was 
investigated with MR and reported by Yuh et al. [28]. Variend 
and Emery [29] also analyzed the lobular pattern of the 
superior surface of the cerebellum and found varying degrees 
of dorsal angulation and displacement of the primary and 
postlunate fissures (Fig. 11). In the most severe form of this 
deformity the cerebellum was split in two with wide separation 
of the hemispheres. We believe that the nonvisualization of 
the cerebellar folia in our patients was caused by this dorso 
caudal angulation of the fissures, as was seen on the axial 
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Fig. 8.—A, Enlarged fourth ventricle is extending through foramen magnum in association with type 3b cervicomedullary deformity. Note also 
syringohydromyelia extending inferiorly from level of C5 (solid arrow). No folia are identified over surface of vermis (arrowheads), even though gyri are 
identified supratentorially on medial surface of cerebral hemispheres. Aqueduct (curved arrow), which is dorsoventrally enlarged in sagittal plane, does 


not communicate with third ventricle. 


B, Coronal view shows enlargement of aqueduct in coronal plane (black arrow). Note also medullary kink (white arrow). 
C, Sagittal image of spine (body coil) shows extensive syringohydromyelia extending from T1 to about T12 (arrows). Note typical “stack-of-coins” 


appearance. 
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Fig. 9.—Fourth ventricle is markedly dilated and 
extends into medullary kink (open arrow). (Conti- 
nuity between fourth ventricle and cavity in me- 
dulla was confirmed on image 3 mm lateral to this 
one.) Note wide subarachnoid space ventral to 
upper cervical cord (solid arrows). Upper cervical 
cord is atrophic(hypogenetic ?) from C2 inferiorly. 
Note beaked, elevated tectum, possibly deformed 
because of enlarged fourth ventricle. Fourth ven- 
tricle and supracerebellar cistern appear to com- 
municate, perhaps through break in anterior med- 
ullary velum. Massa intermedia is enlarged and 
clivus is concave. 


C D 


Fig. 11.—Spectrum of distortion of superior surface of cerebellum in 
myelomeningoceles. 

A, Normal shape of superior surface of cerebellum with normal positions 
of primary and pestlunate fissures. (B-D are of increasing severity). 

B, Moderate V-shaped dorsal displacement of two major fissures and 
adjacent lobules. 

C, With increasing dorsal displacement of two fissures, they become 
oriented in anteroposterior direction; an aberrant longitudinal fissure ex- 
tending from precentral fissure through superior vermis is also present. 

D, Longitudina! fissure is wide with separation of two cerebellar hemi- 
spheres. (Modified from [26].) 
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Fig. 10.—Hypogenesis of midbrain, pons, and medulla on sagittal view (A) with widening of 
interpeduncular, prepontine, and premedullary cisterns (arrows). On axial scan (B), at pontomesen- 
cephalic junction, there is hypogenesis of left brachial peduncle (curved arrow). Note also poor 
visualization of superior vermial sulci on sagittal scan, with posterooblique orientation of these sulci 
on axial scan (straight arrow). Anterior cerebellar migration on each side of pons is also evident on 
axial view. Note inferior vermial spur and medullary kink. 


views in a number of the patients. Sagittal-plane imaging then 
would tend to obscure the fissures since they would not lie 
at right angles to the plane of the scan. 

Owing to impaction of the inferior vermis through the fora- 
men magnum, the pyramis, uvula, and nodulus may be com- 
pressed with obliteration of the folia. Furthermore, necrosis 
of these lobules may occur also [26]. Cameron [7] likened 
the vermial/cerebellar tonsil protrusion through the foramen 
magnum to a strangulating loop of bowel. The combination 
of the inferior cerebellar herniation together with the necrosis 
probably accounts for the nonvisualization of the inferior folia 
in the 10 patients in our series. 

Upward bulging of the cerebellum, which assumes the 
general configuration of the incisura described by Naidich et 
al. [4], was also seen on our coronal scans (Figs. 3B and 5B). 
The same authors described forward migration of parts of the 
cerebellar hemispheres into the prepontine or premedullary 
cisterns with envelopment of the brainstem. This appearance, 
which could also occur at the brainstem level, was seen in 18 
of the 24 patients in our series (Figs. 5 and 12). 

Vermial pegs.—Inferior vermial pegs or tails were seen 
extending through the wide foramen magnum dorsal to the 
medulla and fourth ventricle in 23 of the 24 patients (Figs. 1 
and 3-6). In 17 patients the tissue extending through the 
foramen magnum was pointed in appearance, anc in six it 
was bulbous. On midline sagittal images, none more than 5 
mm in thickness, it was assumed that the midline tissue 
represented the lobules of the inferior vermis, although vary- 
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Fig. 12.—Axial scan shows wide margins of ten- 
torial incisura between laterally situated temporal/ 
occipital lobes and medially situated cerebellum (ar- 
rows). Note also anterior cerebellar migration on 
each side of pons. 


ing amounts of the inferior cerebellar hemispheres and the 
tonsils are known to herniate through the foramen magnum 
as well [30]. In one patient, however, (Fig. 7), the midline 
tissue was Surgically proven to be from the tonsils. 

Cervicomedullary deformities. —In analyzing 300 autopsies 
of children dying with the Chiari II malformation, Emery and 
MacKenzie [31] grouped the cervicomedullary deformities into 
different grades of severity. In the mildest form the fourth 
ventricle had not descended through the foramen magnum, 
and the only evidence of the abnormality was the upward 
angle at which the first and second cervical nerve roots exit 
the cord. In the most severe form the fourth ventricle herniated 
through the foramen magnum and there was a pronounced 
medullary kink or spur in the upper cervical canal associated 
with a cystic cavity contiguous with and arising from the 
dorsal aspect of the fourth ventricle. The same authors found 
that the severity of the deformity was directly related to the 
number of spinal segments involved in the meningomyelocele 
and also inversely proportional to the length of the dentate 
ligaments in the upper cervical region. 

We modified their classification and grouped our patients 
as follows (Fig. 13). In group 1, the fourth ventricle and 
medulla did not descend through the foramen magnum and 
the sole evidence of a hindbrain deformity was an inferior 
vermial peg extending through the foramen. In group 2, the 
fourth ventricle descended vertically through the foramen 
magnum in front of the vermial peg. In group 3, the medulla 
was buckled below the cervical cord forming a cervicomedul- 
lary “kink,” “spur,” or “buckle” behind the upper cervical cord. 
The spur did not extend beyond C4 in any of the cases. The 
fourth ventricle, which descended through the foramen mag- 
num, was either collapsed (group 3a) or dilated (group 3b). 
There were six patients with group 1 deformity (one of these 
patients did not have an inferior vermial peg but had all the 
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1 2 3a 
Fig. 13.—Spectrum of cervicomedullary deformities in Chiari Il malfor- 
mation. Anterior is to the reader’s left. Curved line indicates foramen 
magnum. Black shading indicates fourth ventricle. Diagrams 1, 2, 3a, and 
3b represent graded series of increasingly more severe deformities de- 
scribed fully in text. (Modified from [28].) 


other mid and anterior brain features of the Arnold-Chiari 
deformity). Seven patients had group 2 (Fig. 1) and 11 patients 
had group 3 abnormalities (eight in group 3a [Figs. 3, 4, 6, 
and 10] and three in group 3b [Figs. 5, 8, and 9]). Since in all 
three of the latter patients ventricular shunts had been placed 
previously for ventricular hydrocephalus, possibly the fourth 
ventricles had enlarged because of trapping at either end. 
Yamada et al. [25] found stenotic lesions at the lower portion 
of the fourth ventricle and at its outlet in the majority of their 
patients with Chiari II malformation who were studied with 
water-soluble ventriculography. In our three cases with en- 
larged fourth ventricles CSF circulatory studies were not 
carried out. 

Pyramids.—Pyramidal hypogenesis (in two patients accom- 
panied with pontine hypogenesis) (Figs. 7 and 10) was seen 
in four patients. Gilbert et al. [11] found hypoplasia or aplasia 
of portions of the brainstem, particularly the cranial nerve 
nuclei, basal pontine nuclei, olivary nuclei, or tegmentum in 
12 of 25 children who died with Arnold-Chiari malformation. 

Hypogenesis of the pyramids or pontine agenesis appeared 
to have some clinical correlation with neurologic status in two 
of the four patients. One child (Fig. 7) is severely disabled 
with upper extremity weakness and spasticity along with 
paralysis of the lower extremities; she also has extensive 
cranial nerve deficits, including vocal cord paresis. Her cere- 
bellum is severely dysplastic. Another child is totally para- 
plegic. However, six additional children are paraplegic with 
no demonstrable change in pyramid or stem size, and one 
child with pyramid hypoplasia has a relatively low-level lesion 
(L4) and no lateralizing pyramidal extremity deficits. Therefore, 
we cannot correlate the appearance of the pyramids with 
clinical symptomatology. 


Upper Cervical Canal 


Precervical cord space.—We noted a wide subarachnoid 
space anterior to the upper cervical cord at C1—C3 in nine 
patients. The space was always present at C2 and varied in 
level between C1 and C3 (Figs. 6, 8, 9, and 14). Inferior 
vermial pegs were present in all nine patients. Two patients 
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Fig. 14.—Parasagittal scan 3 mm to left of midline 
shows gyral indentation (black arrow) on inner table 
of skull. Note also wide subarachnoid space anterior 
to herniated medulla (white arrow). 


had group 1 deformity, two had group 2, and the other five 
had group 3 (Figs. 6, 9, and 10). In three of the patients the 
subarachnoid space at the foramen magnum was obliterated 
(Fig. 6). In the other six patients (four in group 3, one in group 
2, and one in group 1) the subarachnoid space at the foramen 
magnum anteriorly was normal. 

Naik and Emery [32] demonstrated expansion of the upper 
cervical canal on radiographs of 20 infants with myelomenin- 
goceles. They found that the anteroposterior diameter of the 
spinal canal from C2 to C4 was significantly larger than the 
equivalent diameters in 25 normal infants and postulated that 
this was due to a space-occupying lesion in the upper cervical 
canal such as would be found with the Chiari II malformation. 

While we could not measure the anteroposterior diameters 
of the spinal canal in our cases, we would postulate that the 
expansion of the canal may not result only from the medullary 
kink and vermial spur but may also be secondary to medullary 
and cervical cord hypogenesis with accompanying meso- 
dermal dysplasia of the developing cervical canal permitting 
the subarachnoid space to expand. 

It would be expected that an inferior vermial peg herniating 
through the foramen magnum would displace the upper cer- 
vical cord anteriorly and obliterate the upper cervical subar- 
achnoid space. According to Venes et al. [12] and Park et al. 
[33], in myelodysplastic children with swallowing difficulty, 
stridor, and apnea, an important etiologic factor is compres- 
sion of the brainstem and the spinal cord in the spinal canal. 
In our patients there appeared to be no definite clinical signif- 
icance to the finding of an obliterated subarachnoid space at 
the foramen magnum. One of the three patients with this 
finding had been believed by several observers to be devel- 
oping a progressive right-hand weakness, but no cranial 
nerve, reflex, or definite extremity changes were noted on 
examination. Another child had long-standing upper- and 
lower-extremity weakness and spasticity, and at age 11 
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months underwent surgery for a high thoracic diastemato- 
myelia; however, he has been clinically stable for 9 years. The 
third patient (Fig. 6) had undergone surgery 6 months before 
the MR study for rapidly progressing scoliosis caused by cord 
tethering at the site of the myelomeningocele repair, but there 
has been no evidence of progressive myelopathy or cranial 
nerve or upper extremity symptoms. In our entire series, 
however, only four patients were evaluated by MR during 
periods of active symptomatology that might be attributed to 
the Chiari II malformation. The patient in Figure 7 had had 
progressing vocal cord paresis and upper extremity spasticity 
since birth. The MR scan was obtained at age 12 years and 
was followed by a C1-C5 laminectomy. A fourth ventricle to 
cervical subarachnoid shunt was placed, the obex was 
plugged with muscle, and a dural graft was placed across the 
laminectomy. Two months later there was some improvement 
in the vocal cord palsy and upper extremity movements. None 
of the four patients had significant compression of neural 
structures at the cervicomedullary junction, suggesting that a 
major aspect of the surgical approach to the patient with a 
symptomatic Chiari malformation—laminectomy and dural 
graft for decompression in the upper cervical area—may have 
limited applicability. Since the number of symptomatic cases 
in our series is small, however, this finding will need to be 
confirmed in a larger study of symptomatic children. 
Syringohydromyelia.—I|n both patients who had spine ex- 
aminations and in one other patient who had only a head and 
upper spine scan, syringohydromyelia was seen. In the first 
patient (who previously had surgery for a syrinx at the C1- 
C3 level), the syrinx extended from C4 to C7. In the second 
patient the syrinx extended the total length of the cord from 
C4 to T12 (Fig. 8). In the third patient a syrinx was identified 
at the C2 level. The reported incidence of hydromyelia is 20- 
83% [6, 7]. Had MR studies of the spine been performed 
routinely, we may have seen cord cavitation more often. 


Mesodermal 


Clival scalloping.—Clival scalloping (Figs. 1, 3, and 5-10) 
was present in 19 (79%) of the 24 patients. Yu and Deck [34] 
found clival scalloping in 94% of their patients with the Arnold- 
Chiari malformation. Similar to the observation made by the 
latter authors, the scalloping was not related to age and 
involved the basiocciput not the basisphenoid. Petrous bone 
scalloping was also seen in the patients with clival scalloping. 
These changes are thought to be from pressure by the 
adjacent cerebellum [2]. Because of the difficulty in defining 
the posterior lip of the foramen magnum, we could not confirm 
the enlargement of this structure described by others [2]. 

Falx defects.—Gyral interdigitations (Figs. 3 and 5) indicat- 
ing falx fenestration were seen in nine of our patients. Partial 
absence, hypoplasia, and/or falx fenestrations were reported 
in all 20 cases of Arnold-Chiari malformation studied in one 
autopsy series [6]. 

Widening of the tentorium, diagnosed on axial scans by the 
appearance of cerebellar tissue extending superiorly without 
the normal tapering appearance caused by the margins of the 
tentorium, was seen in 15 patients (Fig. 12). On coronal scans, 
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both the tentorial widening, diagnosed by visualizing the edge 
of the tentorium indenting the cerebellum, and a low attach- 
ment of the tentorium on the occipital bones (Figs. 3 and 5) 
were defined easily. Widening of the tentorial incisura and an 
abnormally low attachment of the tentorium to the occipital 
bone was seen in 19 of 20 cases reported by Peach [6]. 

Skull defects.—Gyral indentations into the skull were seen 
in eight of our patients. Usually the indentations involved the 
occipital bone. Although some prominence of the inner table 
of the skull may be found normally, the indentations were 
particularly prominent in the Chiari II patients, particularly into 
the occipital bone immediately posterior to the foramen mag- 
num (Fig. 14). Luckenschadel, a frequent accompaniment of 
the Chiari I| malformation, becomes unrecognizable after the 
age of 6 months [35]. The youngest of our eight patients was 
2 years old and the oldest was 17; therefore, we could not 
determine whether luckenschadel was present in our patients. 
We believe the appearances were caused by calvarial meso- 
dermal dysplasia, which is part of the Chiari Il malformation. 

The remarkable development of MR imaging allows the 
detailed illustration of the complete gamut of abnormalities 
seen in the Chiari Il malformation. We found sagittal-plane 
images to be most informative. By depicting some features 
of the malformation with a greater frequency than has been 
reported to date, and by demonstrating features not seen 
previously, MR has expanded our knowledge of this complex 
lesion. MR is our procedure of choice for demonstrating the 
Chiari Il malformation. 
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MR and CT Evaluation of 
Intracranial Sarcoidosis 





Fourteen patients with CNS manifestations of neurosarcoidosis were evaluated by 
MR imaging and CT. Evaluations were done on a 0.5-T superconductive magnet with 
T1- and T2-weighted sequences. CT with contrast was obtained in all patients. The 
granulomatous lesions were classified by location into basilar, convexity, intrahemis- 
pheric, and periventricular white-matter involvement. Hydrocephalus with or without an 
associated lesion was also noted. MR determined the presence of disease in all patients 
(100%), but was less accurate than CT in depicting disease in two patients (14%). CT 
determined the presence of disease in 12 patients (85%) and was less accurate than 
MR in delineating hypothalamic involvement in two patients and periventricular white- 
matter disease in three patients. There was great variability in the appearance of 
intracranial sarcoidosis on MR. Three patients had lesions that were isointense or 
hypointense (relative to cerebral cortex) on both T1- and T2-weighted images while nine 
patients had lesions that were hyperintense on T2-weighted images. Convexity involve- 
ment and hydrocephalus were well documented by both CT and MR. 

These results indicate that both MR and CT are helpful in fully evaluating a patient 
with suspected intracranial sarcoidosis. 


Neurologic manifestations of sarcoidosis occur in approximately 5% of patients 
with sarcoid [1-3]. Intracranial sarcoidosis may develop in a patient with known 
systemic disease or it may be the initial manifestation. Sarcoid granulomas have 
been found in the CNS and meninges in up to 14% of autopsy studies of patients 
with known sarcoidosis [4]. The CT characteristics of neurosarcoidosis have been 
well described [5-12], but there is limited information on the MR appearance of 
intracranial sarcoidosis [13]. In this study, we describe and compare the MR and 
CT appearance of CNS sarcoidosis. 


Subjects and Methods 


Fourteen patients with neurosarcoidosis underwent CT and MR examination of the brain. 
Most patients had biopsy-proven systemic sarcoidosis. Four of these patients had intracranial 
biopsies showing noncaseating granulomas. The diagnosis of neurosarcoidosis was made 
Clinically in the 10 patients who did not undergo intracranial biopsy. In all of these cases, a 
Clinical diagnosis of neurosarcoidosis of 2 to 10 years duration was present. There were eight 
women and six men ranging in age from 20 to 41 years. 

All CT examinations were performed with IV contrast on third- or fourth-generation 
scanners. Thirteen patients had contrast-enhanced CT within 14 days of the MR study. One 
patient had her CT examination 2.5 months before the MR study. 

All MR examinations were performed on a 0.5-T whole-body superconductive magnet 
(Vista-MR, Picker International, Highland Heights, OH). Standard, manufacturer-provided, 
single-echo spin-echo (SE) sequences were performed. Data were typically acquired with 
either 256 or 128 complex samples/view, 256 views, and four excitations using the two- 
dimensional Fourier transform method. A 256 x 256 or 128 x 256 matrix was employed. 
The field of view for these examinations was 23 or 25 cm. T2-weighted sequences were 
obtained using a TE of 60, 80, or 100 msec, and a TR of 1500-2500 msec. T1-weighted 
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TABLE 1: MR Characteristics in the Evaluation of Intracranial 
Sarcoidosis 


a e a E E D O E a 
MR Signal Intensity (T2- 








Location/Type Number Weighted Images) 
(Hyper-) (Hypo-) (Iso-) 

Basal 6 4 1 1 
Periventricular 3 3 —— — 
Convexity 2 1 1 — 
Intracerebral lesion 

(hemispheric) 

mass 2 2 — — 
Hydrocephalus 3 1 — a 

Total 16° 11 2 3 


SS Se a SE SS Si ES SE Se, 
“MR determined the site of obstruction but the specific lesion could not be 
identified on MR. 
>A total of 14 patients were studied. One patient had periventricular and 
basal involvement, and a second patient had basal involvement as well as an 
intracerebral mass lesion. 


sequences employed a TE of 26-40 msec, with a TR of 500-800 
msec. Sagittal T1-weighted images were obtained in all patients. The 
section thickness was 5 mm for all T1-weighted examinations. T2- 
weighted sequences were obtained with either 5-mm or 10-mm 
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section thicknesses. The intensity of the lesions was compared with 
the intensity of cerebral cortex. The lesions were separated by 
location into basal, convexity, intracerebral (hemisphere), or periven- 
tricular involvement. Hydrocephalus with or without an associated 
lesion was also noted. 


Results 


The MR characteristics of the intracranial lesions are sum- 
marized in Table 1. Six patients had basilar lesions. Three of 
these six patients had subfrontal meningeal lesions and three 
had lesions that were in the region of the hypothalamus and 
suprasellar cistern. These latter patients had hypothalamic 
dysfunction clinically. Three patients had periventricular le- 
sions and two patients had granulomatous involvement in the 
periaqueductal area. Two patients had involvement of the 
convexity (meningeal lesions). Two patients had hemispheric 
mass lesions, one lesion in the temporal lobe and one lesion 
in the parietal lobe. 

MR detected basilar disease in six patients. In one patient 
who was on high-dose steroid therapy (dexamethasone 80 
mg/day) at the time of both the CT and MR examinations, 
MR was not as effective as contrast-enhanced CT in detecting 
one basal lesion in the subfrontal region. MR examination in 


Fig. 1.—37-year-old man with subfrontal gran- 
ulomatous involvement. 

A, Contrast-enhanced axial CT. Homogeneously 
enhancing subfrontal mass (arrows). 

B, Contrast-enhanced coronal CT. Homogene- 
ously enhancing granulomatous mass (arrows). 
Extensive sinus involvement (biopsy of sinus tis- 
sue showed sarcoid granuloma). 

C, T1-weighted coronal MR (SE 800/40). Left 
inferior frontal mass (arrows) isointense signal to 
cerebral cortex. 

D, T2-weighted coronal MR (SE 2000/60). Left 
inferior frontal lesion (straight arrows) isointense 
to cerebral cortex. Extensive edema of both frontal 
lobes (curved arrows). 
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this patient showed subtle areas of increased signal in the 
subfrontal region on the T2-weighted images. The basilar 
involvement in another patient (not on high-dose steroid ther- 
apy) was isointense (relative to cerebral cortex) on both T1- 
and T2-weighted images (Fig. 1) with extensive edema of 
both frontal lobes surrounding the mass. In another patient, 
the lesion was hypointense on the T2-weighted images; this 
patient had involvement in the interhemispheric fissure from 
extension of basal meningeal granulomatous disease (Fig. 2). 
Three patients with hypothalamic and suprasellar cistern in- 
volvement had lesions of increased intensity on the T2- 
weighted image. One of these patients had undergone pre- 
vious limited resection ef a mass of granulomatous tissue in 
the temporal lobe. Changes in the temporal lobe could not be 
differentiated from postsurgical gliosis, but because the sur- 
gery was not extensive and subsequent MR revealed in- 
creased signal extending to the contralateral temporal lobe it 


Fig. 2.—3$-year-old woman with basal gran- 
ulomatous (parafalcine) involvement. 

A, Contrast-enhanced axial CT. Parafalcine 
enhancement (arrows). No calcification was 
noted in falx anteriorly on nencontrast CT. 

B, T2-weighted axial MR at same level as CT 
scan (SE 2500/60). Decreased signal along falx 
(curved arrow) with edema of adjacent cortex 
(straight arrows). 
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seemed likely that the inflammatory process accounted for 
much of the MR appearance. 

Enhanced CT detected abnormalities in all of the patients 
with basal involvement. Hypothalamic lesions in two patients 
were poorly seen on CT while one of these lesions was very 
prominent on MR (Fig. 3). The other hypothalamic lesion was 
detectable but poorly seen on both MR and CT. 

Enhanced CT did not detect the periventricular white-matter 
lesions. The periventricular white-matter lesions in three pa- 
tients were bright on the T2-weighted MR images. Extensive 
periventricular white-matter involvement seen on MR was an 
unexpected finding in one patient with supraseliar disease 
seen on contrast-enhanced CT (Fig. 4). 

Two patients had convexity lesions seen well on both CT 
and MR. Both lesions were isointense relative to brain on the 
T1-weighted images. One lesion was heterogeneously hyper- 
intense (Fig. 5) on the T2-weighted MR sections while the 













Fig. 3:—26-year-old woman with granulomatous involvement of hypothalamus. 

A, Contrast-enhanced axial CT. Subtle enhancement in suprasellar area, midline (arrows), with obliteration of suprasellar cistern. 
B, T1-weighted sagittal MR (SE 550/40). Isointense mass in region of hypothalamus (arrows). 

C, T2-weighted sagittal MR (SE 1500/80). Increased signal in hypothalamic region (arrows). 


1046 


HAYES ET AL. 


AJR:149, November 1987 





Fig. 4.—28-year-old man with suprasellar and periventricular white-matter disease. 

A, Contrast-enhanced axial CT. Prominent enhancement in region of suprasellar cistern (arrows). Remainder of CT scan was unremarkable. 

B, T2-weighted axial MR (SE 2200/100). Increased signal showing basilar involvement including hypothalamus (short arrows). White-matter disease 
with increased signal involving periventricular region and internal and external capsule (/ong arrows). 

C, T2-weighted sagittal midline MR (SE 1600/100). Increased signal in hypothalamus (straight arrows) and subfrontal (basilar) region (curved arrow). 


A 


Fig. 5.—35-year-old man with subdural granuloma. 
A, Contrast-enhanced axial CT. Enhancing extraaxial mass (arrows). 








B, T2-weighted axial MR (SE 3400/80). Heterogeneous increased signal of right extraaxial mass (arrows). 
C, T1-weighted coronal MR (SE 800/30). Right extraaxial mass (arrows) isointense with cerebral cortex. 


other lesion was predominantly hypointense (Fig. 6). These 
lesions showed homogeneous enhancement on contrast-en- 
hanced CT. 

Two patients had intracerebral (hemispheric) mass lesions, 
one in the parietal lobe and one in the temporal lobe. Both 
mass lesions were hyperintense on T2-weighted MR images 
and demonstrated homogeneous enhancement on contrast- 
enhanced CT. 

One patient had hydrocephalus without a clearly identified 
obstructing lesion on MR or CT. The obstruction was at the 
level of the fourth ventricular outlet foramina (Fig. 7). MR 


showed no evidence of the CSF flow-void sign in the foramina 
of Magendie or Lushka despite ballooning of the fourth ven- 
tricle [14]. In another patient with hydrocephalus, the level of 
obstruction was the sylvian aqueduct, where abnormal in- 
creased signal was seen in the tectum at the level of the 
inferior aqueduct on the T2-weighted images (Fig. 8). No 
abnormal enhancement was seen on CT. There was intersti- 
tial edema surrounding the third and lateral ventricles. The 
aqueductal CSF flow-void sign was absent. The third patient 
with hydrocephalus who was on high-dose steroid therapy 
(prednisone 80 mg/day) at the time of both the CT and MR 
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Fig. 6.—30-year-old man with extraaxial granulomatous mass. 
A, Contrast-enhanced axial CT. Enhancing extraaxial mass (straight arrows). Note nodular extension posteriorly and in interhemispheric fissure (curved 

arrow). 
B, T2-weighted axial MR (SE 2500/60). Nodular extraaxial mass with interhemispheric extension hypointense relative to cerebral cortex (arrows). 
C, T2/T1 “balanced” coronal MR (SE 1200/40). Extraaxial mass slightly hypointense relative to cerebral cortex (arrows). 


Fig. 7.—38-year-old woman with sarcoid-as- 
sociated hydrocephalus and fourth-ventricular 
outlet obstruction. 

A, T1-weighted midline sagittal MR (SE 700/ 
40). Marked dilation of lateral, third, and fourth 
ventricles. CSF flow-void is seen in sylvian aque- 
duct (arrow). 

B, T2-weighted midline sagittal MR (SE 2000/ 
60). Interstitial edema around fourth ventricle 
(curved arrow). CSF flow-void is seen in sylvian 
aqueduct (straight arrow) but is absent in caudal 
fourth ventricle. 


A 


studies, demonstrated a contrast-enhancing lesion on CT 
causing aqueductal obstruction with no abnormal signal on 
MR (Fig. 9). 


Discussion 


The CNS manifestations of sarcoidosis include cranial neu- 
ropathies (any of the cranial nerves can be affected), aseptic 
meningitis, hydrocephalus, and parenchymatous disease |1- 
3, 15, 16]. Meningeal infiltration by granulomas is a common 
pathologic finding [2, 3, 6] and is clinically manifested as 
aseptic meningitis or extraaxial mass lesion. 

Understanding of sarcoid-associated hydrocephalus and 
parenchymal disease is particularly important not only be- 





cause imaging techniques are useful for diagnosis and as- 
sessment of clinical status, but also because the complica- 
tions of CNS sarcoidosis account for much of the mortality 
and serious morbidity of the disease [17]. Hydrocephalus can 
be caused by periventricular inflammation, compression of 
the sylvian aqueduct [6] or fourth ventricle by mass lesions 
[18], inflammation involving the foramina of Lushka and Ma- 
gendie [19], or inflammation and/or fibrosis of the subarach- 
noid space [2]. 

Parenchymatous disease [3, 5, 6, 8, 18] can cause an 
isolated mass of multiple nodules [9] in any part of the brain. 
Hypothalamic dysfunction is particularly common and may 
reflect the propensity of the granulomas to occur in the basal 
meninges [20]. A diffuse encephalopathy and vasculopathy is 
occasionally present and may represent widespread exten- 
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sion of meningeal inflammation along the Virchow-Robin 
spaces [21]. Seizures probably reflect cortical damage from 
the inflammatory process. 

The CT appearance of neurosarcoidosis has been well 
documented [5-12, 17, 22, 23]. Hydrocephalus has been 
reported as the most common CT abnormality [3, 5, 6, 8] and 
was seen in only three of our 14 patients. With the advent of 
CT, intracranial mass lesions were more frequently seen [7] 
and may be asymptomatic. Granulomatous intracranial 
masses typically appear as well-defined, slightly hyperdense 
masses with varying degrees of edema on the noncontrast 
exam. These masses homogeneously enhance after contrast 
administration [5, 8, 9, 11, 18]. Intracranial mass lesions were 
identified by CT in 10 of our 14 patients. In all 10 patients, 
the lesions appeared to enhance. Marked white-matter edema 
has also been reported [11] and was present in one of our 
patients. Meningeal involvement may be seen as diffuse or 
focal enhancement of the meninges and underlying brain 
indistinguishable from meningeal carcinomatosis, fungal men- 
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Fig. 8.—36-year-old woman with shunted sar- 
coid-associated hydrocephalus and aqueductal 
stenosis. 

A, T1-weighted midline sagittal MR (SE 800/ 
40), 5-mm section thickness. Postventricular- 
peritoneal shunt. Sylvian aqueduct is markedly 
stenotic (arrows). Note artifact in region of pons. 

B, T2-weighted midline sagittal MR (SE 2400/ 
80), 5-mm section thickness. Increased signal 
intensity around aqueduct (arrows) suggesting 
granulomatous involvement. 


Fig. 9.—35-year-old woman with periaque- 
ductal granulomatous lesion. 

A, Contrast-enhanced axial CT. Enhancing left 
midbrain lesion (arrows) with compression of 
sylvian aqueduct and associated hydrocephalus. 

B, T2-weighted axial MR (SE 2900/60). Sec- 
tion through tectum corresponds to level of CT 
(difference in slice angulation explains asym- 
metry at Circle of Willis). Lesion not identified on 
MR. Corresponding T1-weighted image was also 
unremarkable. 


ingitis, or bacterial meningitis [24]. Masslike meningeal in- 
volvement may resemble an extensive en-plaque meningioma 
[25]. We observed meningeal enhancement in three of our 
patients. In patients with hydrocephalus, enhancement of the 
basal meninges on CT confirms the site of obstruction at the 
level of the base, and implies active inflammation rather than 
end-stage fibrosis [5]. Likewise, periventricular enhancement 
in hydrocephalic patients also suggests aggressive inflam- 
mation. An unusual infiltrative pattern of neurosarcoidosis on 
CT includes enhancing perivascular, linear, and nodular areas 
along the subarachnoid space extending into the white matter 
through the Virchow-Robin spaces [23]. 

Contrast-enhanced CT has been shown to be helpful in 
follow-up of patients with intracranial neurosarcoidosis on 
Steroid therapy [5, 7, 8, 11, 22]. 

The CT findings demonstrated in our study correlated with 
the previously reported findings. A total of 11 intracranial 
mass lesions were seen, including two extraaxial dural gran- 
ulomatous collections. Homogeneous enhancement of the 
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intracranial mass lesiors on CT was demonstrated. Basilar 
enhancement (subfrontal meningeal lesions) reflecting active 
meningitis was seen on CT in three patients. Three patients 
demonstrated hydrocephalus on CT, but an enhancing peri- 
aqueductal mass was seen in only one of these patients. 

in our comparative study of patients with known CNS 
sarcoidosis, there weretwo patients for whom MR was less 
accurate in depicting disease than was contrast-enhanced 
CT. Both these patients were on high-dose steroid therapy 
(dexamethasone 80 mg/day and prednisone 80 mg/day) at 
the time of both the CT and MR examinations. These findings 
on MR examination probably reflect the dramatic reduction in 
edema that can occur after the institution of steroids and the 
current unavailability of paramagnetic contrast agents. We 
have observed a similar phenomenon in other patients with 
brain lesions (such as metastatic tumors) after steroid treat- 
ment. 

Five patients in our group had positive MR studies with 
either negative or subtly positive CT examinations. Two of 
these patients had hypothalamic lesions and three patients 
had periventricular white-matter disease. 

Hydrocephalus was equally well seen with both CT and 
MR, but the associate periventricular white-matter edema 
was better detected with MR. Moreover, MR allowed evalu- 
ation of the CSF flow pattern by making visible the CSF flow- 
void sign [14]. MR was also particularly sensitive in detecting 
brainstem masses, the finding of which would encourage the 
clinician to treat the patient vigorously with antiinflammatory 
agents. 

in summary, we often found that different, potentially com- 
plementary information was obtained by CT and MR. MR 
provided greater sensitivity than CT scanning in the evaluation 
of hypothalamic and periventricular involvement. The periven- 
tricular invovement on MR, as demonstrated in three of 14 
patients, was a new and unexpected finding in CNS sarcoid- 
osis. Hydrocephalus was better delineated on MR than on 
CT because the entire ventricular system could be evaluated. 
The sagittal presentation of MR images was preferable in 
these cases. CT was shown to be currently superior to MR 
in the evaluation of some patients on high-dose steroid ther- 
apy. We believe that bath CT and MR are helpful for the full 
evaluation of patients with suspected CNS sarcoidosis. 
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Holoprosencephaly: Prenatal 
Sonographic Diagnosis 





Fourteen cases of holoprosencephaly (HP), including 10 cases of alobar HP and four 
cases of semilobar HP, were identified by prenatal sonography. Intracranial and extra- 
cranial findings were reviewed to determine the accuracy and spectrum of the sono- 
graphic features. All 14 cases were reliably distinguished from other causes of fetal 
hydrocephalus (n = 58) detected during the same period by demonstrating absence of 
the midline echo (falx cerebri and interhemispheric fissure), fusion of the thalami, and 
abnormal ventricular configuration. Four cases of semilobar HP demonstrated incom- 
plete fusion of the thalami and partial separation of the ventricles compared with alobar 
HP. Eight cases demonstrated a dorsal cyst including five with alobar HP and three with 
semilobar HP. One case demonstrated an unusual extraaxial fluid collection surrounding 
the brain, thought to be from rupture of a dorsal cyst. Facial features that were identified 
included a proboscis (three cases), midline facial cleft (three cases), and hypotelorism 
(five cases). Extracranial abnormalities that were identified included polydactyly (two 
cases), renal dysplasia (two cases), omphalocele (one case), and fetal hydrops (one 
case). 

We conclude that fetuses with HP can exhibit a spectrum of sonographic findings and 
that alobar or semilobar HP is reliably distinguished from other causes of fetal hydro- 
cephalus by distinctive intracranial findings. 


Holoprosencephaly (HP) refers to a spectrum of disorders resulting from absent 
or incomplete cleavage of the forebrain (prosencephalon) during early embryonic 
development [1-3]. Compared with other causes of hydrocephalus, HP is associ- 
ated with a high rate of chromosomal anomalies, concurrent malformations, and a 
poor fetal outcome [1-5]. Distinguishing HP from other causes of hydrocephalus 
is important for patient counseling and for guiding appropriate obstetric manage- 
ment of affected pregnancies [6]. 

HP is usually categorized as alobar, semilobar, or lobar depending on the degree 
of forebrain cleavage [1]. Alobar HP is the most severe form, resulting in a 
monoventricular cavity; fusion of the thalami; and absence of the corpus callosum, 
falx cerebri, optic tracts, and olfactory bulbs. Semilobar HP shares many of these 
same features but demonstrates partial segmentation of the ventricles and incom- 
plete fusion of the thalami. The least severe type, lobar HP, results in separation 
of the ventricles and thalami and absence of the septum pellucidum. As lobar HP 
may be difficult to distinguish from other mild midline malformations such as 
septooptic dysplasia [7] it will not be addressed here. 

The typical cranial findings of alobar HP [8, 9] and semilobar HP [10] have been 
identified by prenatal sonography. However, because of the paucity of previously 
reported cases, the spectrum of cranial and extracranial findings has not been 
wholly emphasized. In the present study, we report our experience with 14 cases 
of HP diagnosed by prenatal sonography in order to describe the spectrum of 
findings and determine the sonographic accuracy of this disorder. 
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TABLE 1: Comparison of Sonographic Findings with Pathologic and Clinical Findings in Holoprosencephaly (HP) 


— Pee Sonographic Findings aes a T AORN Sice 
1 24 Alobar HP, dorsal cyst, Alobar HP, dorsal cyst, Normal Termination of preg- 
proboscis, hypote- cyclopia, clubfoot, nancy 
lorism polydactyly, absent 
adrenals, hypoplas- 
tic lung 
2 34 Alobar HP, dorsal cyst, Alobar HP, dorsal cyst, 5p+ Delivered at 35 weeks; 
facial cleft, hypote- facial cleft, ethmo- died within minutes 
lorism, hydrops cephaly, tetralogy of 
Fallot, esophageal 
atresia 
3 21 Alobar HP, polydac- Alobar HP, cyclopia, Trisomy 13 Termination of preg- 
tyly, renal cysts polydactyly, renal nancy 
cysts, malrotated 
gut 
4 31 Alobar HP, dorsal cyst, Alobar HP, dorsal cyst, Normal Cephalocentesis at 31 
proboscis, hypote- cebocephaly, poly- weeks; stillborn de- 
lorism, polydactyly dactyly, accessory livery at 32 weeks 
spleen, absent adre- 
nal, atrial septal de- 
fect 
5 31 Alobar HP, hypotelor- Alobar HP, hypotelor- Trisomy 13 Delivered at 33 weeks: 
ism, renal cysts, om- ism, facial cleft, renal died within minutes 
phalocele dysplasia, omphalo- 
cele, polydactyly 
6 19 Alobar HP, facial cleft Alobar HP, ceboceph- Trisomy 13 Termination of preg- 
aly, facial cleft, dys- nancy 
plastic kidneys 
7 24 Alobar HP, dorsal cyst, Facial cleft. meningo- Not studied Delivered at 37 weeks; 
facial cleft myelocele died within 20 min 
(no autopsy) 
8 23 Alobar HP Alobar HP, normai face Normal Termination of preg- 
nancy 
9 17 Alobar HP, fetal de- Macerated fetus Not studied intrauterine demise at 
mise 18 weeks 
10 30 Alobar HP, dorsal cyst, Alobar HP, normal face Normal Delivered at 38 weeks; 
fluid surrounding died at 5 months (no 
brain autopsy) 
11 33 Semilobar HP, dorsal Semilobar HP, dorsal Not studied Delivered at 32 weeks; 
cyst cyst alive (8 months) 
12 38 Semilobar HP, dorsal Semilobar HP, dorsal 13q— Delivered at 38 weeks; 
cyst cyst, normal face alive (41/2 years) 
13 37 Semilobar HP, dorsal Semilobar HP, ethmo- Normal Delivered at 38 weeks; 
cyst cephaly, facial cleft died at 3 months {no 
autopsy) 
14 14 Semilobar HP, probos- Semilobar HP, ethmo- Trisomy 13 Termination of preg- 


cis, hypotelorism 


cephaly, malrotated 
gut 


nancy 
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Materials and Methods 


During a 5⁄2 year period (January 1981 to November 1986), 14 
cases of HP were identified by prenatal sonography at two referral 
centers for high-risk obstetrics. During the same period, 58 cases of 
fetal hydrocephalus from other causes were identified. All cases were 
Clinically unsuspected before the initial sonographic examination; the 
sonograms were obtained for routine obstetric indications. Twelve 
cases were referred from other institutions for further evaluation and 
management of abnormalities suspected after an outside sonographic 
examination. Seven cases were initially detected at or before 24 
menstrual weeks and seven cases were seen after 24 weeks. 

Prospective sonographic findings were analyzed for intracranial, 
facial, and extracranial abnormalities. Our sonographic interpretations 


were compared with actual findings determined by autopsy reports; 
delivery notes; clinical charts; and postnatal radiographs, sonograms, 
and CT scans. To determine the reliability of our intracranial findings, 
we also reviewed the sonograms of the 14 cases of HP and the 58 
cases of fetal hydrocephalus together in a blinded and random 
fashion. 

Of the 14 fetuses studied, 12 ultimately died from termination of 
pregnancy (five cases), cephalocentesis (one case), intrauterine fetal 
demise (one case), neonatal death from anomalies incompatible with 
life (three cases), or respiratory causes during infancy (two cases, at 
3 and 5 months, respectivaly). Of these 12 fetuses, 10 had an autopsy 
examination performed and 9 had a satisfactory brain examination 
without brain autolysis. The other two infants are still alive after 
follow-ups of 4⁄2 years and 8 months, respectively. 
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Results 


The clinical, sonographic, and pathologic findings are listed 
in Table 1. While the intracranial findings varied, all cases of 
HP demonstrated absence of the midline echo (falx cerebri 
and interhemispheric cistern) and fusion of the thalami (Fig. 
1). This appearance was readily distinguished from 58 cases 
of fetal hydrocephalus due to other causes, which demon- 
strated a midline or asymmetric falx, distinct lateral ventricles, 
and separated thalami (Fig. 2). 

Of the 14 cases studied, 10 had alobar HP and four had 
semilobar HP shown by sonographic, CT, and pathologic 
findings of the cranium. All cases of alobar HP exhibited a 
featureless, monoventricular cavity and central, fused thalami. 
Fetuses with semilobar HP exhibited partial segmentation of 
the ventricies, particularly the occipital horns, and incomplete 





A 


Fig. 1.—Case 6: alobar holaprosencephaly. 
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fusion of the thalami (Fig. 3). The degree of thalamic fusion 
was seen best on coronal scans and was often appreciated 
best on postnatal cranial sonograms (Fig. 3C). 

Eight cases demonstrated a dorsal cyst associated with 
alobar HP (five cases) or semilobar HP (three cases) (Fig. 3). 
The dorsal cyst was partially demarcated from the ventricular 
cavity by a ridge of cerebral tissue. Broad communication 
between the dorsal cyst and ventricular cavity was demon- 
Strated near the midline (Fig. 3). One case of a dorsal cyst 
was referred as a suspected Dandy-Walker malformation by 
an outside sonographic examination. Another case demon- 
strated an unusual, extraaxial fluid collection surrounding the 
entire brain mantle, which was thought to represent rupture 
of the dorsal cyst into the subarachnoid space (Fig. 4). 

Facial anomalies that were identified by sonography in- 
cluded a proboscis (three cases) (Fig. 5), hypotelorism (five 





A, Coronal sonogram (upside-down) at 19 menstrual weeks shows fused thalami (Th) protruding within large monoventricle (V). Note absence of falx 


and interhemispheric fissure. 


B, Coronal sonogram immediately after delivery confirms fused, central thalami surrounded by monoventricle. 
C, Correspending pathologic specimen shows fused thalami and monoventricle. 


Fig. 2.—Hydrocephalus caused by Arnold- 
Chiari malformation. 

A, Axial sonogram at 28 weeks shows falx 
cerebri (arrow) and distinct lateral ventricles (V). 

B, Axial sonogram at lower level shows sep- 
aration of thalami (Th), dilated occipital horns 
(OH), frontal horn (FH), third ventricle (TV), and 
intact falx and interhemisphericfissure (arrow). 
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Fig. 3.—Case 11: semilobar holoprosencephaly with dorsal cyst. 
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A, Axial sonogram at 33 weeks at level of midbrain (MB) shows partial separation of dilated ventricles (V) and large dorsal cyst (DC). 
B, Sonogram at higher level shows absence of falx and broad communication of ventricle with dorsal cyst, partially demarcated by ridge of cerebral 


tissue (arrow). 


C, Coronal sonogram after birth shows incomplete fusion of thalami (Th), partial interhemispheric fissure (IF), and attempted separation of ventricles. 
D, CT scan shows partially fused thalami and large ventricle partially separated from dorsal cyst by cerebral tissue (arrows). 

E, CT scan at higher level better shows relationship between ventricle, dorsal cyst, and ridge of cerebral tissue (arrows). 

F, Reconstructed sagittal scan again shows ridge of cerebral tissue (arrow) separating ventricle from large dorsal cyst. 


cases), and midline facial cleft (three cases) (Fig. 6). Four 
infants failed to exhibit any facial anomaly at the time of birth 
and one was too macerated to examine. Extracranial anom- 
alies, excluding the face, that were identified by sonography 
included polydactyly (two cases), renal dysplasia (two cases) 
(Fig. 7), omphalocele (one case) (Fig. 7), and fetal hydrops 
secondary to a complex cardiac defect (one case). In four 
cases, including both survivors, no extracranial abnormality 
was detected by clinical and/or autopsy examination. Am- 
niotic fluid, which was increased in six cases, normal in seven 
cases, and decreased in one case, was not helpful for pre- 
dicting extracranial abnormalities. 

Chromosomal analysis was available in 11 cases. Of these, 
a chromosomal abnormality was identified in six cases (55%), 
including four cases of trisomy 13 and one case each of 13q— 
and 5p+. Extracranial malformations were present in five of 


these cases, excluding the oldest surviving infant (42 years), 
who has 13q-. 


Discussion 


The frequency of HP has been estimated to be between 
1:5200 and 1:16,000 live births [11,12]. Since many cases 
abort spontaneously before delivery, the frequency of HP 
among all pregnancies is significantly greater, and may be as 
high as 1:250 [13]. Assuming a frequency of at least 1:5200 
for HP and 1:1000 for other causes of fetal ventricular dila- 
tation [2, 3], HP can be expected to represent 16% or more 
of all cases of fetal “hydrocephalus” detected prenatally. 
These estimates are consistent with our own experience, as 
HP constituted 19% (14 of 72) of all cases of fetal hydroceph- 
alus detected by prenatal sonography during a 5⁄2 year 
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Fig. 4.—Case 10: alobar holoprosencephaly 
with dorsal cyst. 

A, Axial sonogram at 30 weeks shows large 
amount of subarachnoid fluid surrounding brain. 
Note presence of central monoventricle (V) 
within brain. 

B, Repeat sonogram 2 weeks later shows 
interval enlargement of monaventricle, now com- 
municating with dorsal cyst (DC) and demar- 
cated from ventricle by ridge of cerebral tissue 
(arrows). 





Fig. 5.—Case 1: cyclops. 

A, Axial sonogram shows findings of alobar holoprosencephaly including absence of falx; central 
fused thalami (Th); and single, featureless ventricle (V). Also note extreme hypotelorism (arrows) 
of orbits (O). 

B, Sonogram at slightly higher level shows proboscis (P) protruding from forehead. 

C, Photograph after delivery shows cyclops with nearly fused orbits and supraorbital proboscis. 


period. Similarly, HP was found in 29.6% (eight of 27) of 
fetuses with hydrocephalus reported by Carrasco et al. [14]. 
Other sonography series have reported a lower frequency of 
HP or have not clearly distinguished HP from other causes of 
fetal hydrocephalus [15, 16]. 

As the majority of cases of HP are sporadic and clinically 
unsuspected [9], routine obstetric sonography is a potentially 
important means of prenatal diagnosis. As HP is often asso- 
ciated with chromosomal abnormalities, most commonly tri- 
somy 13[17], sonographic findings may stimulate subsequent 
chromosomal analysis. Six (55%) of 11 fetuses in our study 
were found to have chromosomal abnormalities, which is 
similar to the 57% reported by Chervenak et al. [9]. While 
karyotyping is not necessary for diagnosing HP, knowledge 
of a chromosomal anomaly may influence patient counseling 
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and obstetric management. Identification of chromosomal 
translocation is also important for further genetic evaluation 
of the patients. 

In addition to chromosomal anomalies, fetuses with HP 
have a high rate of concurrent malformations anc fetal mor- 
tality compared with other causes of hydrocephalus [18]. 
Infants with HP who survive the newborn period have a 
uniformly poor outcome. The oldest survivor in our series is 
42 years old, although his intellectual development corre- 
sponds to that of a 4-month-old. The dismal prognosis of HP 
has led to conservative management of cases identified in 
utero. When detected before 24 menstrual weeks, most 
women will elect to terminate the pregnancy; when identified 
after 24 weeks, cephalocentesis may be a justifiable option 
[19, 20]. 
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On the basis of our experience and that of others [8, 14], 
we believe that absence of the falx and fusion of the thalami 
are diagnostic features of alobar and semilobar HP (Fig. 1). 
Although Chervenak et al. [6, 9] have emphasized hypotelor- 
ism in association with an absent falx for diagnosing HP, we 
believe the intracranial findings are specific in and of them- 
selves. A concomitant feature of alobar HP is the character- 
istic featureless configuration of the monoventricle, which 
lacks occipital, temporal, and frontal horns (Fig. 1). In cases 
of semilobar HP, occipital horns may be seen, but other 
ventricular landmarks are usually absent. An additional feature 
of semilobar HP compared with alobar HP is incomplete fusion 
of the thalami, best seen on coronal sonogram after delivery. 
However, distinguishing semilobar from alobar HP is some- 
what subjective and is not clinically important, since the 
prognosis and outcome is similar for both groups. 

We found that prenatal sonography can reliably distinguish 
HP from other causes of fetal hydrocephalus. Compared with 
HP, other causes of fetal hydrocephalus (Fig. 2) such as 
aqueductal stenosis or the Arnold-Chiari malformation dem- 
onstrate an intact falx, distinct and separate ventricles, and 
“splayed” thalami. Hydranencephaly or porencephalic cysts 
may demonstrate an absent or deviated falx, although the 
thalami are not fused in this situation. Furthermore, although 
no case of hydranencephaly was encountered in our series, 


NYBERG ET AL. 


AJR:149, November 1987 


Fig. 6.—Case 3: alobar holoprosencephaly 
with facial cleft. 

A, Semicoronal sonogram at 34 weeks shows 
central, fused thalami (Th) surrounded by mon- 
oventricle (V). Large dorsal cyst (DC) is also 
seen, demarcated from ventricle by ridge of cer- 
ebral tissue (arrows). 

B, Sonogram through orbits (O) shows hypo- 
telorism and flattened midface. 

C, Axial sonogram of face shows midline fa- 
cial cleft (arrow). 

D, Photograph of face at delivery confirms 
midline facial cleft, hypotelorism, and flattened 
midface. 


reported cases demonstrate a markedly diminished or absent 
cerebral cortex compared with HP [21]. 

A dorsal cyst was observed in eight of 14 cases of HP in 
our series (Fig. 3) and in all five cases of alobar HP reported 
by Filly et al. [8]. The dorsal cyst occupies the dorsal caudal 
aspect of the diencephalon and, due to tentorial dysplasia, 
lies directly on the cerebellum [22]. It is partially demarcated 
from the ventricular cavity by a ridge of cerebral tissue thought 
to represent the hippocampal fornix [8]. The origin of the 
dorsal cyst is uncertain, but possibilities that have been 
proposed include (1) the third ventricle, (2) the velum inter- 
positum, and (3) a remnant of the prosencephalic vesicle [5, 
22]. The prosencephalic vesicle is the rostral end of the central 
nervous system during early embryologic development. 

Unless correctly recognized, a dorsal cyst may be mistaken 
for other cystic masses including a Dandy-Walker malforma- 
tion [7], as occurred in one case referred to us. Unlike HP, 
however, a Dandy-Walker malformation demonstrates a nor- 
mal falx and supratentorial structures and unfused thalami. In 
addition, a dorsal cyst has a distinctive “boomerang” shape 
compared with the angulated margin of a Dandy-Walker cyst 
[8]. One unusual case of HP, which probably resulted from 
rupture of a dorsal cyst, demonstrated a large fluid collection 
Surrounding the entire brain (Fig. 4). 

As a variety of intracranial findings may be seen, so too is 
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Fig. 7.—Case 5: alobar holoprosencephaly with trisomy 13. 


A, Longitudinal sonogram of fetal kidney shows large echogenic kidneys with innumerable small 


cysts representing cystic dysplasia. 


B, Somogsam of anterior abdomen shows omphalocele limited by membrane (arrows) and 


containing bewel (B) and ascites. 


C, Photogsaph of fetus after delivery shows omphalocele as well as facial cleft and hypotelorism. 


there a spectrum of facial anomalies associated with HP [1]. 
Characteristic facial abnormalities, in decreasing order of 
severity, include cyclopia (fused or nearly fused orbits with 
supraorbital proboscis) (Fig. 5); ethmocephaly (hypotelorism 
with high, midline proboscis); cebocephaly (hypotelorism, sin- 
gle nosiril in nose); and a median facial cleft, also called 
premaxillaty agenesis (Fig. 6) [1]. Isolated hypotelorism or 
even a normal face cam also occur. Facial anomalies are 
thought to nave a common origin with the intracranial abnor- 
malities and are caused by incomplete cleavage during em- 
bryologic development. The association between facial anom- 
alies and HP has led to the well-known phrase, “the face 
predicts the brain” [23]. While this statement is generally true, 
identical facial features are occasionally recognized in the 
absence ot HP [16]. Alse, facial abnormalities are not invari- 
ably present, so that reliance on them will result in false- 
negative diagnoses of HP [8]. About 17% of fetuses with 
alobar HP reported by DeMyer [1] had a nondiagnostic face, 
and 29% (iour of 14) of the cases in our series had normal 
facial features at delivery. 

While recognition of facial or orbital abnormalities is not 
necessary ‘or diagnosing HP, their presence can help predict 
fetal outcome. Fetuses with cyclopia or ethmocephaly rarely 
Survive the neonatal period, and fetuses with cebocephaly or 
premaxillary agenesis rarely live more than 1 year [1]. Identi- 
fication of facial anomalies may alsq predict extracranial 
anomalies, as eight of nine fetuses with facial anomalies had 
concurrentextracranial malformations in this series. 

A variety of extracranial malformations can also be seen 
with HP and are often found in association with a chromo- 
somal abnarmality [1]. Three of four fetuses with a detectable 


HOLOPROSENCEPHALY 1057 
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extracranial malformation in our series had a chromosomal 
anomaly, including two with trisomy 13. Extracranial anoma- 
lies that were detected in association with trisomy 13 included 
polydactyly, renal dysplasia, and an omphalocele (Fig. 7). 
However, similar findings may be associated with a normal 
karyotype in the Meckel-Gruber syndrome (pseudotrisomy 
13), an autosomal recessive disorder characterized by a triad 
of an encephalocele or holoprosencephaly, postaxial polydac- 
tyly, and renal cysts [24]. Recognition of these extracranial 
findings should initiate chromosomal analysis, since the re- 
currence risk for the Meckel-Gruber syndrome is 25%, com- 
pared with only 1% for sporadic cases of trisomy 13 [1]. 

In summary, HP is a major malformation of the central 
nervous system that should be distinguished from other 
causes of fetal hydrocephalus. Awareness of the spectrum of 
sonographic findings seen with HP should improve the accu- 
racy of prenatal diagnosis. Identification of concurrent facial 
and extracranial malformations can help predict chromosomal 
anomalies and subsequent fetal outcome. 
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Malignant Nerve-Sheath 
Neoplasms in Neurofibromatosis: 


Distinction from Benign Tumors by Using 


Imaging Techniques 





Malignant peripheral nerve-sheath neoplasms frequently complicate neurofibromato- 
sis Causing pain, enlarging masses, or neurologic deficits. However, similar findings 
sometimes also occur with benign nerve neoplasms. Our study was done retrospectively 
to determine if imaging techniques can differentiate malignant from benign nerve tumors 
in neurofibromatosis. Eight patients with symptomatic neoplasms (three benign, five 
malignant) were studied by CT in eight, MR in six, and °’Ga-citrate scintigraphy in seven. 
Uptake of Ga occurred in all five malignant lesions but not in two benign neoplasms 
studied. On CT or MR, all eight lesions, including three benign neoplasms, showed 
inhomogeneities. Of five lesions with irregular, infiltrative margins on CT or MR, four 
were malignant and one was benign. Of three lesions with smooth margins, one was 
malignant and two were benign. One malignant neoplasm caused irregular bone destruc- 
tion. Accordingly, CT and MR could not generally distinguish malignant from benign 
lesions with certainty. However, both CT and MR provided structural delineation to help 
surgical planning for both types of lesion. 

*’Ga scintigraphy appears promising as a screening technique to identify lesions with 
malignant degeneration in patients with neurofibromatosis. Any area of abnormal radio- 
gallium uptake suggests malignancy warranting further evaluation by CT or MR. Biopsy 
of any questionable lesion is essential. 


Between 3% and 13% of patients with multiple neurofibromatosis develop 
malignant peripheral nerve-sheath neoplasms, usually after latent periods of 10- 
20 years [1]. The prognosis is poor partly because of delays in diagnosis [1]. 
Malignant neural neoplasms in neurofibromatosis frequently develop in deep loca- 
tions where they are not very amenable to early detection and therapy [1]. 
Moreover, they are difficult to differentiate from benign nerve neoplasms, which 
may also be markedly symptomatic. Several investigators have discussed the 
problems of radiologic diagnosis in such cases [2-5]. However, there is no generally 
accepted approach for screening patients with symptoms suggesting malignancy, 
and the imaging criteria for distinguishing malignant from benign neoplasms are 
not clearly defined. Our study was done retrospectively to determine if CT, MR, or 
gallium-67 citrate scintigraphy would be useful, either singly or in any combination, 
for screening patients for malignancy and for differentiating malignant from benign 
nerve neoplasms. 


Materials and Methods 


Review of radiology department records between June 1980 and June 1987 yielded 17 
patients with neurofibromatosis evaluated radiologically because of symptoms or signs 
suggesting possible malignant peripheral nerve-sheath neoplasms. The patients were referred 
by several different hospital clinics. Symptoms and signs included enlarging masses, pain, 
and neurologic deficits. Patients were selected for our study if they had one or more such 
findings, had at least two imaging studies (CT, MR, or °’Ga-citrate scintigraphy), and had 
resection of lesions. Eight patients fulfilled these criteria (Table 1). 
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TABLE 1: Clinical, imaging, and Pathologic Findings in Neurofibromatosis and Symptomatic Nerve-Sheath Neoplasms 
a a E EEE TEE an a ee oe ene ete eee ee eee 





CT and MR Characteristics of Neoplasms Intensit 
Case Äge: Gandar Neoplasm Clinical See ee se ee ee 7 Pathologic 
No. ^9 Location Presentation Size inhomo- Infitra-  porder Bone Usiak Diagnosis 
P A E AEA (œm) geneity tion Destruction “Piare 
1 23 F Retroperitoneum Abdominal 8° + _ Smooth ~ ND Benign schwan- 
mass noma 
2 16 M Retroperitoneum Back pain 14° + + irregular ~ 0 Benign plexiform 
neurofibroma 
3 38 M Retroperitoneum Back pain 5° + = smooth = 0 Benign schwan- 
noma 
4 15 M Retroperitoneum Weakness and 10 + + irregular + 3+ MPNSN 
pain, left leg 
5 20 M Right calf Enlarging 11° + + irregular ~ 3+ MPNSN 
mass 
6 29 F Left thigh Enlarging 5 + ~ Smooth _ 2+ MPNSN 
mass 
7 32 M Left thigh Left leg pain 9° + + Irregular - 4+ MPNSN 
and foot 
drop 
8 39 M Right arm Pain, right 4.5 + + irregular a 3+ MPNSN 
hand 


EERE ELIE ROTTED TITAN EET ESEA A SE ETE ET SA EE E E E ST E SEEE EI VEASE EERE NEEE EEE I REDE E NE ASC A AEA EERTE E i igi a 
Note.——+ indicates presence of CT or MR finding, — indicates absence of finding; MPNSN = malignant peripheral nerve-sheath neoplasm; ND = not done. 


* These patients had MR in addition to CT. 


Radiologic studies in each patient were done within 1-7 days of 
each other and in no particular order. All patients had CT. Contiguous 
10-mm sections were obtained during rapid IV infusions of 150 mi of 
60% meglumine iothalamate by using General Electric 8800 or 9800 
scanners (General Electric Medical Systems, Milwaukee). All images 
were filmed at window widths and levels suitable for showing both 
soft tissue and bone detail. Multisection spin-echo (SE) imaging was 
done in six patients with a superconducting magnet (Magnetom, 
Siemens Medical Systems, iselin, NJ) operated at 1.0 T. A body coil 
with a 50-cm field of view was used routinely. Data were acquired 
with a 256 x 512 matrix and were displayed with a 256 x 256 matrix. 
The pixel size is about 2 x 2 mm for the body coil. Two pulse 
sequences were always used, one with a pulse-repetition interval 
(TR) of 500 msec and echo-delay time (TE) of 17 msec and another 
with a TR of 2500 msec and TEs of 28 and 90 msec. Two data 
acquisitions were averaged for each image. Contiquous 10-mm sec- 
tions were obtained by interleaving for T1-weighted images. For spin- 
density and T2-weighted images, 10-mm sections were separated by 
2-mm gaps. Axial images were always obtained first and were 
supplemented where applicable by sagittal or coronal images. 

Seven patients were evaluated by gallium scanning by using a 
large-field-of-view gamma camera with a medium-energy parallel-hole 
collimator. All scans were obtained 48 hr after IV injection of 6 mCi 
(222 MBq) of *’Ga-citrate. The entire body was always imaged. First, 
500,000 counts were collected for an anterior or posterior chest view, 
and the time required for this was then preset for views of other 
anatomic regions. Scans of the neoplasm-containing area were ob- 
tained in two projections. 

Findings on CT, MR, and °’Ga-citrate scans were evaluated ret- 
rospectively with knowledge of clinical and pathologic findings. All 
studies were interpreted together for each patient. Each neoplasm 
was evaluated for possible CT or MR criteria of malignancy: (1) size, 
(2) inhomogeneity, (3) infiltration of surrounding structures, (4) irreg- 
ular, poorly defined border, and (5) bone destruction. The intensity of 
each lesion on MR was compared subjectively with that of adjacent 
muscle at different pulse sequences. T1 and T2 relaxation times of 
neoplasms were not calculated. 


The intensity of radiogallium uptake in each neoplasm was graded 
subjectively relative to that of the liver on a scale of 0-4+, in which 
4+ indicated an intensity greater than that of the liver; 3+, an intensity 
equal to that of the liver; 2+, an intensity greater than that of adjacent 
normal soft tissue, but less than that of the liver; 1+, an equivocal 
increase in intensity; and 0 indicated a normal gallium scan [6]. Any 
gallium uptake was considered suggestive of malignancy. Images of 
other body areas were also examined for gallium uptake. 


Results 


Clinical, imaging, and pathologic findings are summarized 
in Table 1. All lesions were resected. Three were benign and 
five were malignant. 

Since CT and MR neoplasm characteristics as discussed 
above were similar in six patients who had both examinations, 
the findings are combined in Table 1. The mean diameter of 
the malignant neoplasms was 7.9 cm, while the mean diam- 
eter of the benign lesions was 9.0 cm. All neoplasms, including 
three benign lesions, showed inhomogeneities on CT or MR 
(Figs. 1-3). Of three lesions with smooth, well-defined con- 
tours, two were benign (Fig. 1) and one was malignant (Fig. 
2). Of five lesions with irregular, infiltrative margins on CT or 
MR, one was benign (Fig. 4) and four were malignant (Fig. 3). 
One malignant retroperitoneal neoplasm caused irregular ver- 
tebral destruction. CT and MR helped determine the extent 
of the neoplasms and their relationships to adjacent struc- 
tures (Figs. 1-4). 

Of six lesions evaluated by MR (three benign and three 
malignant), all had low intensities on SE 500/17 images (Fig. 
1) and were markedly more intense than muscle on both SE 
2500/28 (Fig. 1) and SE 2500/90 (Figs. 2 and 3) images. 
Adjacent asymptomatic benign lesions showed intensities 
similar to malignant lesions at different pulse sequences (Fig. 
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Fig. 1.—Case 1: Benign schwannoma of right psoas muscle. 
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C 


A, Contrast-enhanced CT scan shows large, well-defined neoplasm (arrow) of right psoas muscle with low-density central area. 
B, MR image (TR = 2500 msec, TE = 28 msec) reveals well-defined, rounded mass (arrow) with low-intensity central area. 
C, Coronal MR image (TR = 500 msec, TE = 17 msec) shows rostral-caudal extent of neoplasm (arrowheads). Note cephalad and lateral displacement 


of right kidney (k). t = thecal sac. 


A and B indicate that inhomogeneity is not a reliable criterion of malignancy. 





Fig. 2.—Case 6: Malignant tibial nerve-sheath neoplasm of left thigh. 


C 


A, Contrast-enhanced CT scan shows inhomogeneous mass (solid arrows) with smooth border. It displaces semimembranosus (S) and biceps femoris 
(B) muscies and popliteal vessels (open arrow), but does not infiltrate them. Note similarity to benign schwannoma in Fig. 1A. 
B, MR image (TR = 2500 msec, TE = 90 msec) exhibits hyperintense, well-defined neoplasm (arrows). 


C, Posterior view shows mild (2+) °*’Ga-citrate uptake by neoplasm (arrowheads). 


3). Spin-density and T2-weighted images were superior to 
T1-weighted images for showing both the extent and char- 
acteristics of most neoplasms. 

Gallium-67 uptake occurred in malignant but not in benign 
neoplasms (Table 1). Uptake intensity was graded 4+ on one 
scan (Fig. 3), 3+ on three scans, 2+ on one scan (Fig. 2), and 
zero on two scans (Fig. 4). Although all seven patients had 
many asymptomatic, often large nerve tumors, none of these 
lesions showed radiogallium uptake (Fig. 3). In cases 5-8, 


several asymptomatic nerve tumors were removed en bloc 
with the malignant lesions, and their benign nature was con- 
firmed histologically. The benign nature of other non-gallium- 
avid lesions outside the surgical field could not be proved, 
but was suspected from absence of growth established by 
history or clinical and radiologic follow-up. 

None of the five patients with malignant neoplasms had 
metastases when first investigated. However, cases 4, 5, and 
8 died of metastatic disease within 20, 15, and 16 months, 
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Fig. 3.—Case 7: Malignant sciatic nerve- 
sheath neoplasm of left thigh. All three imaging 
techniques suggest malignant lesion. 

A, Contrast-enhanced CT scan shows inho- 
mogeneous mass (arrows) with extensive infil- 
tration of hamstring and adductor muscles. Small 
benign neurofibroma (arrowhead). 

B, Sagittal MR image (TR = 2500 msec, TE = 
90 msec) shows that neoplasm (arrows) arises 
proximally from sciatic nerve, which is thickened 
by neurofibromas (arrowheads). Neoplasm is hy- 
perintense and inhomogeneous, and it exten- 
sively infiltrates hamstring muscles. 

C, More lateral MR image (TR = 2500 msec, 
TE = 90 msec) displays several well-defined 
benign juxtafemoral neurofibromas (arrow- 
heads) with intensities similar to malignant neo- 
plasm in B. 

D, Posterior view shows intense (4+) Ga- 
citrate by neoplasm (arrow) and no uptake by 
benign lesions. 


Fig. 4.—Case 2: Benign retroperitoneal plex- 
iform neurofibroma. 

A, Contrast-enhanced CT scan shows exten- 
sive neoplasm infiltration of periaortic area (ar- 
rowhead) and left psoas (arrow) and erector 
spinae (open arrow) muscles. Surgical clip is 
from previous spinal surgery. 

B, Posterior view of abdomen shows no °’Ga- 
citrate uptake by neoplasm. 





respectively, after presentation. Cases 6 and 7 were still well Discussion 
without metastatic disease at 2 and 15 months after surgery, 
respectively. Cases 1-3, with benign neoplasms, were well Multiple neoplasms of nerve-sheath origin are an integral 


14, 38, and 5 months, respectively, after presentation. part of the syndrome of neurofibromatosis. They include 
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neurofibromas and, less commonly, benign schwannomas [1, 
7}. Malignant neural neoplasms arise either from neurofibro- 
mas or de novo from nerve sheaths. Origin from a benign 
schwannoma is exceedingly rare [1, 7]. The varied terminol- 
ogy applied to malignant neural neoplasms, including malig- 
nant schwannoma, malignant neurilemoma, nerve-sheath fi- 
brosarcoma, neurogenic sarcoma, and neurofibrosarcoma, 
reflects the controversy surrounding their histogenesis. Since 
the precise cell of origin of these neoplasms is unknown, 
they are best called malignant peripheral nerve-sheath neo- 
plasms [7]. 

The 5-year survival rate of patients with malignant neural 
neopiasms in multiple neurofibromatosis ranges from 15% to 
30% [1]. Local recurrence is common after surgery, and 
patients often develop lung, liver, and bone metastases [1, 
7|, as occurred in three of our patients. Tumor resection with 
wide margins or amputation offers the best possibility for 
permanent cure in patients without distant metastases [8]. 
However, since neoplasms often cause referred pain and 
peripheral neurologic deficits [1, 9], the correct diagnosis is 
frequently delayed, as occurred in four of our patients. More- 
over, the presence of multiple benign neoplasms often causes 
Clinical confusion since these lesions may also be markedly 
symptomatic [9]. Benign lesions usually can be managed 
adequately by local excision [8]. Accordingly, there is a need 
for radiologic screening methods for evaluating patients with 
symptoms suggesting underlying malignancy. 

As noted by others [2], we found that ®’Ga-citrate uptake 
occurs in malignant (Figs. 2 and 3) but not in benign (Fig. 4) 
neural neoplasms. Apart from their symptomatic lesions, all 
seven patients studied by °’Ga-citrate scintigraphy had mul- 
tiple asymptomatic nerve tumors, none of which showed 
gallium avidity. Some were resected with the symptomatic 
neoplasm, and their benign nature was confirmed. The benign 
nature of other remote lesions was suspected from clinical 
criteria such as lack of growth. However, the number of 
patients studied is small, and the sensitivity, specificity, and 
accuracy of °’Ga-citrate scintigraphy in evaluating possible 
malignant degeneration in neurofibromatosis are unknown. 

On MR, both benign and malignant nerve-sheath neo- 
plasms showed similar intensity changes with alterations of 
TR and TE. Neoplasm inhomogeneities on CT or MR occurred 
in ali eight patients studied, three of whom had benign neo- 
plasms. Consequently, as noted by others [4, 5, 10], this 
finding is of limited value in predicting the histolocic nature of 
nerve neoplasms. Schwannomas frequently dispiay inhomo- 
geneities because of confluent areas of hypocellularity, xan- 
thomatous change, cystic degeneration, and hemorrhage, 
Separately or in combination [1, 4, 7, 10]. inhomogeneities in 
malignant neoplasms usually result from hemorrhage or ne- 
crosis [1, 3, 4, 7]. Also neoplasm size does not give an 
indication of the likelihood of malignancy. 

An irregular, infiltrative tumor border on CT or MR suggests 
malignancy (Fig. 3) but may be present also in benign plexi- 
form neurofibromas (Fig. 4) [4, 5]. On the other hand, a 
malignant neoplasm may have a smooth, noninfiltrating mar- 
gin {Fig. 2). Bone erosion may occur with both benign and 
malignant neoplasms, but is more irregular with malignant 
lesions [4, 11]. Accordingly, neither CT nor MR can reliably 
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distinguish malignant from benign nerve-sheath neoplasms, 
although marked inhomogeneities, infiltrative margins, or ir- 
regular bone destruction are more common in malignant 
neural neoplasms [3]. 

Despite the small number of patients studied, we can 
Suggest some guidelines for evaluating patients with neurofi- 
bromatosis and suspected malignant change. ©’Ga-citrate 
scanning should be the first investigation. Abnormal radiogal- 
lium uptake suggests the possibility of malignancy and indi- 
cates the need for further evaluation by CT or MR. The main 
purpose of CT or MR in such cases is to provide better 
delineation of potentially malignant masses and to define their 
relationship to adjacent structures for surgical planning (Figs. 
1-4). CT and MR usually provide similar information. How- 
ever, MR is often preferable to CT for evaluating such areas 
as the axilla, calf, and upper extremity. Coronal and sagittal 
MR images are valuable in delineating gross spatial relation- 
ships, especially those defined by rostral-caudal borders (Fig. 
1). Axial MR images of paraspinal neoplasms help determine 
whether there is intraspinal or intracanalicular extension and 
therefore often obviate myelography [12]. 

Because the sensitivity of Ga scintigraphy in detecting 
malignant change in multiple neurofibromatosis is unknown, 
a negative scan should not preclude further evaluation in 
symptomatic patients. This is particularly important in patients 
with suspected retroperitoneal and pelvic neoplasms that may 
be obscured by radiogallium accumulation in the colon. Al- 
though single-photon emission CT may help, such patients 
require extensive evaluation by CT or MR to determine if 
there are potentially malignant lesions. If there is any clinical 
or radiologic evidence of malignancy, biopsy of superficial 
lesions or surgical exploration of deeper lesions should be 
done. 

Histopathologic distinction between benign and malignant 
neural neoplasms is not always easy [11]. Moreover, since 
malignancy often develops in benign neurofibromas [1, 7], not 
all tissue in a malignant neural neoplasm necessarily contains 
positive histologic features of malignancy. Failure to identify 
malignancy in a biopsy specimen cannot, therefore. be taken 
as an assurance that malignant change is not present in some 
part of the mass. In two of our patients with malignant 
neoplasms, the lesions were originally considered benign from 
surgical biopsies, and second biopsies were done because of 
radiologic findings. Radiologic evidence of malignancy helps 
direct the biopsy to the appropriate area and also determines 
the aggressiveness with which the correct pathologic diag- 
nosis is pursued. Radiologic and histologic findings should 
therefore be considered together before a final diagnosis is 
made. 

In conclusion, a combination of gallium-67 scintigraphy and 
CT or MR appears helpful for evaluating patients with neuro- 
fibromatosis with symptoms suggesting malignancy. How- 
ever, our series is small and our results require validation by 
prospective studies in larger series of patients. 
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Percutaneous Insertion of the 
Kimray-Greenfield Filter: 


Incidence of Femoral Vein Thrombosis 





Venograms were obtained in 17 patients 5-8 days after percutaneous dilatation of 
the common femoral vein for insertion of the Kimray-Greenfield inferior vena cava filter. 
The venograms showed thrombosis of the common femoral vein in seven (41%) of the 
17 patients, four of whom were symptomatic. Common femoral vein thrombosis can 
have serious Clinical sequelae. The possibility of this complication should be considered 
before inserting the filter percutaneously via the femoral vein. 


The Kimray-Greenfield inferior vena cava filter is an effective device for prevention 
of pulmonary emboli in patients with deep venous thrombosis of the lower extrem- 
ities [1, 2]. The indications for filter placement are (1) continued pulmonary emboli 
in an adequately anticoagulated patient with significant deep venous thrombosis 
(popliteal, superficial femoral, common femoral, and iliac veins) or (2) pulmonary 
emboli in a patient with a contraindication to anticoagulation. 

Percutaneous placement of the filter is possible by either the internal jugular or 
common femoral vein approach [3, 4]. We obtained follow-up lower extremity 
venograms in 17 patients after percutaneous femoral vein dilatation for placement 
of the Kimray-Greenfield filter to assess the patency of the femoral vein. 


Materials and Methods 


Percutaneous placement of 26 Kimray-Greenfield filters via the femoral vein was performed 
as previously described [3, 4]. Twenty-two filters were successfully placed via the right 
femoral vein. Four placements were attempted via the left femoral vein, only two of which 
were successful. Follow-up venograms were obtained in 17 of these patients. Indications for 
filter placement in the patients studied were a contraindication to anticoagulation (12 patients) 
and recurrent pulmonary emboli while adequately anticoagulated (five patients). 

Before inserting the filter, an angiogram of the inferior vena cava was obtained to assess 
the inferior vena cava and to ensure that a left inferior vena cava was not present. Left renal 
venograms were also obtained both to assess the position of the left renal vein and to rule 
out a circumaortic renal vein collar. None of the patients had this variant. 

A skin incision, previously made for placement of the angiographic catheters, was extended 
to approximately 1 cm. The hole in the femoral vein was dilated to 24 French with Amplatz 
renal dilators [3, 5]. The filter introduction system was passed through the 24-French sheath 
and advanced over a guidewire into position in the inferior vena cava. The filter was then 
placed by withdrawing the introduction system, and the introduction system was removed 
from the vein. Compression of 5-10 min usually was adequate to obtain hemostasis. Heparin 
was discontinued 4 hr before the procedure in those patients who were anticoagulated. 
Anticoagulation was restarted in those patients without a contraindication to anticoagulation 
by the next day. 

Five to 8 days after filter placement, lower extremity venograms were obtained with 50 ml 
of 30% contrast material. Filming was done over the thigh and pelvis to assess the superficial 
and common femoral veins and the iliac veins. 


Results 


Of the 17 follow-up venograms, 10 were normal. In seven 
patients, the studies showed isolated thrombosis of the com- 
mon femoral vein or external iliac vein (Fig. 1). Of these, three 
were asymptomatic and two had mild swelling of the thigh. 
Two others had marked swelling of the lower extremity. The 
swelling resolved slowly in one patient; the other patient died 
2 weeks after filter insertion from complications of malignancy. 

Of the seven patients who developed deep venous throm- 
bosis, only two were continued on heparin after filter place- 
ment. The other five had a contraindication to anticoagulation. 
Only two of the 10 patients with normal follow-up venograms 
were continued on heparin. The other eight patients also had 
a contraindication to anticoagulation. 


Discussion 


At the present time the Kimray-Greenfield filter is the most 
widely used device for prevention of pulmonary emboli in 
patients who have failed to respond to anticoagulation or in 
whom anticoagulation is contraindicated [1, 2]. 

The possibility of venous thrombosis after vein dilatation 
has been postulated [3]. Denny and others reported no clinical 
evidence of thrombosis either in 11 patients with percuta- 
neously placed filters [4] or in 20 patients followed by sonog- 
raphy and CT of the femoral puncture site [6]. 

We performed clinical and venographic follow-up studies in 
17 patients after percutaneous femoral vein placement of 
Kimray-Greenfield filters. Clinical evidence of deep venous 
thrombosis was present in four patients (24%). Of these, 
swelling of the lower extremity was severe in two patients 
and mild in two. However, venography showed thrombosis 
at the puncture site in seven patients (41%). The thrombosis 
was isolated to the puncture site without evidence of exten- 
sion into the superficial femoral or popliteal vein. Lower ex- 
tremity venograms were not obtained before filter placement. 
However, since deep venous thrombosis is an ascending 
process, the patients probably would not have had thrombo- 
sis of the common femoral vein unless they also showed 
evidence of thrombi inferiorly in the extremity. 

These results suggest that femoral vein thrombosis can 
occur after percutaneous insertion of the Kimray-Greenfield 
filter. Although only two patients had significant symptoms, 
common femoral vein thrombosis can lead to chronic venous 
insufficiency and rarely can have catastrophic clinical se- 
quelae, including limb loss. 

Right femoral vein insertion of the Kimray-Greenfield filter 
is a fast and easy approach, often taking only 20-30 min. 
Insertion of the filter via the left femoral vein is more difficult 
because of the angle that the left iliac vein makes with the 
inferior vena cava and because of compression by the over- 
lying left iliac artery. Two of our four attempts from the left 
side were unsuccessful, and we believe that the left femoral 
vein approach should be attempted only when other access 
routes are unavailable. 

Four of the 17 patients studied were given anticoagulation 
after filter placement. Two of these developed femoral vein 
thrombosis. The number of cases is too small to assume that 
anticoagulation did not help prevent femoral vein thrombosis, 
and it is prudent to heparinize patients who have no contrain- 
dication to anticoagulation after filter placement. 

Although femoral vein insertion of the Kimray-Greenfield 
filter is quick and easy, we believe that, because of the 


Fig. 1.—Lower extremity venogram shows thrombosis of common fem- 
oral vein with flow of contrast material into collateral vessels. 


potential complication of femoral vein thrombosis, this tech- 
nique should not be used in all patients, especially since safe 
and accepted alternatives are available, such as jugular vein 
insertion or surgical insertion via the saphenous vein. While it 
is true that jugular vein thrombosis may occur after percuta- 
neous filter placement, unilateral jugular vein thrombosis does 
not cause serious problems [3]. 

In a patient on a respirator in whom the juguiar approach 
may be difficult and in patients who are unstable, are seriously 
ill, or have a short life expectancy, the right femoral approach 
is acceptable and even preferable. In younger, more stable 
patients with a long life expectancy we believe that, because 
of the puncture-site complications of percutaneous femoral 
insertion, this procedure should not be used in all patients. 
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Case Report 





Thoracodorsal Artery Aneurysm Caused by Fibromuscular 


Dysplasia 


Steven D. Brantley’ and James B. Spies 


Fibromuscular dysplasia is a generalized arteriopathy most 
often manifested by medial fibrous thickening or muscular 
hyperplasia of the arterial wall. Initially described in the renal 
arteries, fibromuscular dysplasia has also been found in var- 
ious visceralarteries and in proximal arteries of the extremities 
[1]. We present an unusual case of fibromuscular dysplasia 
presenting as a saccular aneurysm of the thoracodorsal artery 
(terminal brench of the subscapular artery). Although there 
have been case reports of fibromuscular dysplasia involving 
the subclavian, axillary, and brachial arteries [2-4], involve- 
ment of axilkary artery branches has not previously been 
described. 


Case Report 


A 31-year-old woman presented with a 2-month history of a firm, 
nontender, 3-cm mass in the right axilla. There was no history of 
generalized iliness, malignancy, local infection, or trauma. Initially, the 
mass was thought to represent a breast cyst, and an outpatient 
aspiration was performed. This yielded only blood. The patient was 
referred to our nstitution for further evaluation. 

On admissioa, examination revealed a firm, pulsatile, 3-cm mass 
on the right lateral chest wall below the axilla. A bruit was present. 
The remainder ef the physical examination was normal. 

A right subclavian arteriogram showed a well-circumscribed, 3-cm, 
lobulated aneurysm involving the thoracodorsal artery (Fig. 1). There 
was a jet phenemenon as contrast material entered the aneurysm. 
Our initial impression was that this represented a pseudoaneurysm 
from previous trauma. 

At surgery, a iobular, pulsatile aneurysm arising from the thoraco- 
dorsal artery was identified. Incision of the aneurysm revealed multiple 


septa without clot. The aneurysm was resected without incident. The 
pathologic report at Wilford Hall USAF Medical Center described a 
multilobulated vascular anomaly with prominent mucinous changes 
and adjacent small vascular channels. The process was not typical 
of true aneurysm or pseudoaneurysm. Differential diagnosis included 
cystic adventitial degeneration and focal cystic medial degeneration. 
Cultures of the aneurysm wall were negative. The case was referred 
to the Armed Forces Institute of Pathology and was reviewed by the 
Departments of Soft Tissue Pathology, Radiologic Pathology, and 
Cardiovascular Pathology; the final diagnosis was fibromuscular dys- 


plasia and aneurysm formation. 


Discussion 


Fibromuscular dysplasia, once believed to involve only the 
renal arteries, is now considered a generalized arteriopathy 
of uncertain origin. Although most cases involve the main or 
branch renal arteries, other arteries including the internal 
carotid, external iliac, mesenteric, brachial, axillary, and sub- 
clavian arteries have been involved [1, 2]. Involvement of 
axillary or subclavian branch vessels previously has not been 
reported. 

The most common type of fibromuscular dysplasia is medial 
fibroplasia with aneurysm formation. This type consists of 
concentric thickened medial bands alternating with aneurysm 
formation due to medial muscular degeneration, resulting in 
the typical angiographic appearance of a string of beads. 
Medial fibroplasia with focal saccular aneurysm formation may 
occur; however, aneurysms are uncommon and they rarely 
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Fig. 1.—A, Early phase of a subclavian arte- 
riogram showing contrast material entering an 
aneurysm of the thoracodorsal artery. 

B, Late phase of a subclavian arteriogram 
showing further filling of aneurysm. 
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represent the sole or predominant manifestation of fibromus- REFERENCES 
cular dysplasia [2]. 
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Experience with the First 
Cassetteless Radiology 
Department 





A 6-year experience with the first cassetteless radiology department has shown that 
it (1) considerably speeds the examination of the patient and allows the technician to 
stay with the patient throughout the entire course of the examination; (2) relieves the 
technician of the burden of manually transporting lead-backed cassettes to and from 
the darkroom; (3) gives the radiologist closer control over gastrointestinal examinations 
and allows him to see the processed films during the course of the examination; (4) 
greatly reduces the number of radiology technicians required; and (5) eliminates a great 
deal of the function of the darkroom technicians. 

The cost-efficiency and productivity of the department have been compared with 
other teaching hospitals in Ontario, the basis for the comparison being the Canadian 
workload system, which compares units of work. Nonmedical productivity and cost- 
efficiency are shown to be improved by a factor of 30-60%, with financial savings 
amounting to about 25% of the total budget. 


In 1980, the world’s first cassetteless radiology department was installed in the 
Ottawa General Hospital [1]. As the manual transport of lead-backed cassettes to 
and from the darkroom is replaced by totally automated film-handling from film 
magazines incorporated in the X-ray table, the system offers the advartages of 
considerable improvement in cost-efficiency, productivity, and patient handling. 
However, interest in improvement of the performance of conventional radiography 
has been overshadowed by the prospect of replacing it with the totally digital 
radiology department [2]. Indeed, it has been stated “the question is not whether 
a TDRD [totally digital radiology department] is feasible or desirable, but rather 
when it will be operational” [3]. 

There are, however, considerable technologic and cost problems in the devel- 
opment of a totally digital department, including the lower resolution of digital 
images compared with conventional radiographs and the problems connected with 
the development of an efficient picture archiving and communications system [4, 
5]. Indeed Greinacher et al. [6] stated in 1985 that “we should be wary of nurturing 
too euphoric expectations for the near future. . . . Only partial PAC [picture archiving 
and communications] systems can be foreseen for routine use.” 

This may be an opportune time, therefore, to consider the alternative of improving 
the performance of the conventional department. In this paper, | will describe the 
performance of our cassetteless department over the last 6 years, particularly in 
relation to patient handling and the impact on the radiologist and technician, and | 
will provide data that compare our cost-efficiency and productivity with those of 
conventional radiology departments. 


Radiographic Equipment 


The Ottawa General Hospital moved to a new site in 1980. The new radiology department 
was designed to handle 90,000 general radiographic and fluoroscopic examinations per year 
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[1], which is almost exactly the number currently handled (Table 1). 
We believed that, with a cassetteless department, this volume could 
be handied easily in nine radiographic rooms, compared with what 
we considered was the reasonable number of 14 radiographic rooms 
for a conventional department. We estimated that the nine radio- 
graphic rooms would cost approximately $265,000 more than con- 
ventional equipment for 14 radiographic rooms, but believed this 
extra cost was largely balanced by the savings of approximately 
$175,000 in the construction cost of five fewer rooms. 

Most general radiographic work, apart from chest films, can be 
performed on a horizontal radiographic table, and three such cas- 
setteless tables were installed. One was a Buckymat from Siemens 
(Erlangen, W. Germany) and the other two were Buckydiagnosts 
from Philips (Eindhoven, The Netherlands), which had the advantage 
of also allowing orthodox tomography. Each of these units has seven 
magazines of varying sizes, holding either 50 or 85 films, and allowed 


TABLE 1: Staffing of a Cassetteless Radiology Department 
during Fiscal Year 1986-1987 











Radiologic Studies and Staff No. 
Type of radiologic examination: 
General examination 91,158 
Sonography 14,518 
Special procedure 1,692 
Head scanning 8,588 
Body scanning 5,527 
Total 121,483 
Nonmedical staff: 
Technologists 32 
Darkroom staff 2 
Nurses 4 
Clerical staff 20 
Aides 2 
Total 60 








1 EXAMINATION UNIT 

2 STORE FOR 7 SUPPLY MAGAZINES 
3 PROCESSING MACHINE 

4 REMOTE CONTROL CONSOLE 


5 FILM TRANSPORT SYSTEM 
6 OUTPUT UNIT 
7 PROCESSING AREA 
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the automatic transport of the film to the exposure area, with sub- 
sequent mechanical transport to a film-processing unit attached to 
the table. Two vertical radiographic units of similar design, the Sie- 
mens Thoromats, were installed for upright chest radiography. 

No tilting general radiographic table was availabie, but Siemens 
had the Siremat, which, although designed for gastrointestinal work, 
seemed ideal for general radiography. This system has a series of 
seven film: magazines, each holding 50 films, located in an individual, 
totally automated processing area behind the radiographic table. 
Films of the selected size are automatically fed to the exposure area 
in the table in 6 sec, and the films are exposed, returned to the 
darkroom, automatically processed, and fed through an underfloor 
transport system to the radiographic console in 140 sec (Fig. 1). 

Each radiographic unit has its own X-ray film processor; the 
department has a total of 13 processors. Each unit is fed automati- 
cally by a gravity system from a central chemical supply, and the 
effluent fram each is gathered into a single conduit for silver recovery. 
A computerized system allows continuous monitoring of developer- 
solution temperatures, which are displayed on monitors at various 
sites throwghout the cepartment. 

To avoid using a darkroom technician solely for processing angio- 
graphic films, we installed a Siemens semiautomatic cut-film feeder. 
The Puck:take-up magazine holding 30 films is taken by the technician 
into a small adjacent darkroom, the magazine is inserted into the film 
feeder, and the films are automatically fed into the X-ray film proces- 
sor and processed while the technician returns to the radiography 
room. 

There are two such small darkrooms in the department, not only 
for the angiographic films but also for mammographic, and cross- 
table lateral films and for films from mobile equipment, none of which 
could be automated. These films are processed by the technician 
obtaining the films. 

Sonograms are also processed in these darkrooms, but they have 
been eliminated from the MR and CT suites by installation of fully 
automated multiformat cameras, the Gevaerts Scopix Compact U 
(Agta-Gevaert, Antwerp, Belgium). 


Fig. 1.—Siremat cassetteless unit. 
The 90-90° tilting table (1) is supplied 
automatically with films from storage 
magazines (2), located with film pro- 
cessor in processing area (7) behind 
table. Films are selected and exposed 
from remote control console (4) and 
then automatically transported to film 
processing unit (3) and subsequently 
by underfloor transport system (5) to 
viewing facility (6). 
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Performance of the System 


The general radiographic system has proved extremely 
efficient since the opening of the cassetteless department. In 
the previous department, we estimated that the technicians 
handied 10 tons of lead-backed cassettes a week, but the 
cassettes have been eliminated except as noted above. As a 
consequence, the technician spends his or her entire time in 
the radiographic room and does not have to leave the patient. 
Phototiming and anatomic programming also speed and fa- 
cilitate the technician's task. 

A time-efficiency study of radiographic examinations was 
conducted by MacEwan (7] of the University of Manitoba in 
the old hospital as part of the development of a “radiology 
workload system for diagnostic radiology.” A member of this 
team returned to the new hospital and conducted a similar 
survey on the cassetteless department, and Table 2 shows 
the significant percentage improvements in time in various 
examinations. 

This system has several advantages for the patient. The 
films are returned to the technician’s console throughout the 
course of the examination, and the last film is available around 
2 min from the end of the examination; the patients can then 
be told whether they can go or whether further films are 
required. For the ill patient, it is very advantageous that the 
technician at no stage has to leave the room to take films to 
and from the darkroom. We have also found that there is 
improved patient-technician contact with this system, partic- 
ularly since the technician is free to talk to the patient during 
the last 2 min. 

For the radiologist, there has been a considerable change 
in the method of performing gastrointestinal examinations. 
During remote-control fluoroscopy, the radiologist decides 
the size and orientation (horizontal or vertical) of the film he 
requires and summons it to the waiting position, which takes 
about 6 sec and does not interfere with fluoroscopy. When 
the radiologist wishes to take a film, he then decides whether 
to use the whole film or to use a four- or six-division for 
multiple spot films; and after the exposures are finished, the 


TABLE 2: independent Workload Study—Time Required for 
Specific Radiologic Examinations 





No. of Minutes 





, al aa Rue y a a A A Percentage 
Examination Conventional Cassetteless nove 
Department Department 

Upper extrem- 

ity 5.6 2.6 54 
Lower extrem- 

ity 6.5 4.2 35 
Pelvic girdle 6.5 5.5 15 
Skull 11.7 7.0 40 
Chest 5.2 3.0 42 
Esophagus 9.5 7.9 17 
Gastrointestinal 18.9 11.7 38 
Barium enema 24.2 18.5 24 
Chest tomo- 

gram 45.6 16.5 64 
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films are automatically removed, processed, and returned to 
the radiologist’s console in a total of just over 2 min. This has 
the advantage that fluoroscopy is not interrupted while the 
technician changes the films in the Bucky tray. For barium 
enema examinations, the radiologist has remote control of 
barium and air instillation. The barium is suspended from an 
E-Z-EM flow-control stand (E-Z-EM, Westbury, NY) by the 
table side, the flow being regulated by a solenoid controlled 
by a foot switch on the radiologists’s console. Air instillation 
is performed by using a particularly long tube, with the pump 
being placed in the console. The films are returned to the 
radiologist throughout the course of the examination, and a 
maximum wait of just over 2 min exists between the end of 
the examination and the viewing of the last film, after which 
the patient can either leave or be reexamined, as indicated. 

The function of the darkroom technician has been altered 
completely; the only function remaining is the loading of film 
magazines into the cassetteless units and the maintenance 
of the centralized chemical supply and X-ray processors. 

The cassetteless system is more complex than the conven- 
tional system and hence more prone to minor mechanical 
interruptions. This has produced no practical problems, how- 
ever, as all preventive maintenance and repairs are performed 
by two members of the biomedical engineering department 
who are attached to the radiology department, obviating 
maintenance contracts on the equipment. Approximately 75% 
of their time is spent maintaining the cassetteless system and 
25% on other equipment in the department. The tilting radio- 
graphic table in the outpatient and emergency room has been 
working for over 6 years for 24 hr a day, and the downtime, 
including preventive maintenance, is less than 1%. Moreover, 
although there are six Siremats in the department, only three 
film jams have developed in the underfloor transport system 
in 6 years. 

The costs for salaries and purchase of parts for the cas- 
setteless units were $100,000 in 1986. 


Cost-Efficiency 


it is difficult to compare cost-efficiency of radiology depart- 
ments by using the number of examinations as the index, as 
the complexity of examinations varies considerably. To de- 
velop a more effective comparison mechanism, the Health 
Division of Statistics Canada developed a Canadian Workload 
Measurement System [8] for diagnostic radiology. This pro- 
vided “a scientific basis by which to measure technical and 
support activities and a method to record these activities 
according to a standardized unit of productive personnel 
time.” Each examination is given a unit value, based on time 
studies for each type of examination. 

The statistics for the Province of Ontario, categorized under 
the different types of hospital, are published on a quarterly 
basis by the Canadian Hospital Association jointly with Statis- 
tics Canada. Table 3 which is based on these findings, shows 
the cost (excluding medical fees) for every 100 work units 
performed for the years 1984-1985, 1985-1986, and 1986- 
1987 (a projection based on the first 6 months), and it 
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TABLE 3: Results of Cost-Efficiency and Productivity Studies 
of the Ontario Teaching Hospitals 
SR eae gE STEN SEN ATA E IT a I TN ITE RT A RS RE BEES PE ES EEE TET 





OGH Relation 
ee ea 
Cost/100 work units: 

1984-1985 $65 $52 $52 20% below 
1985-1986 $67 $45 $45 33% below 
___ 1986-1987 $75 $44 $44 41% below 

Work units/employee hr: 
1984-1985 29 38 38 31% above 
1985-1986 30 45 45 50% above 
1986-1987 29 48 48 66% above 





Note.—-OGH = Ottawa General Hospital. Work units/employee hr excludes 
radiologist’s time. 


indicates that the cost-efficiency of the Ottawa General Hos- 
pital is the best of the Ontario teaching hospitals, with the 
cost per 100 units varying between 20% and 41% of the 
mean figure for the province. Similarly, Table 3 also shows 
the number of work units performed per employee hour (which 
excludes the radiologist’s time) and indicates that the produc- 
tivity is the highest in Ontario, varying between 31% and 65% 
above the mean. 

Although a uniform system of reporting workloads is used, 
there are doubtless variations in the costs reported, owing to 
human error and differences in interpretation, and these fig- 
ures cannot be relied on as absolute. Nevertheless they 
provide a reasonable index of the considerably increased 
productivity and cost-efficiency of this cassetteless depart- 
ment. 

Efficiency of the cassetteless department can also be as- 
sessed by the technician staffing needs in the department in 
relation to the number of examinations (Table 1). The total 
number of examinations performed in the 1986-1987 fiscal 
year was 121,483, including mobile units and the 24-hr emer- 
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gency service. This work was performed by a total of 32 
radiology technicians and two darkroom technicians, and it is 
doubtful whether any conventional department could produce 
comparable statistics. 

The figures for the total nonmedical cost per 100 work 
units would indicate that on an annual budget of $4,000,000, 
we are saving approximately $1,400,000 a year compared 
with the average cost for conventional departments. The total 
capital cost of the department, including angiographic equip- 
ment and two CT scanners, has already been covered by 
these savings. 
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Review of Current Literature 


Initials and addresses of corresponding authors are provided in 
parentheses for each article so that the reader can obtain reprints 
directly. Abstracts are printed verbatim from each journal. 


CLINICAL LITERATURE 


The New England Journal of Medicine 


Suppressive therapy with levothyroxine for solitary thyroid nod- 
ules: a double-blind controlled clinical study. Gharib H, Meredith 
J, Charboneau W, Naessens JM, Offord KP, Gorman CA (HG, Mayo 
Clinic, 200 First St. SW, Rochester, MN 55905). N Engl J Med 
317:70-75, 1987 


Thyroid nodules are present in up to 50 percent of adults in the 
fifth decade of life. Patients are often treated with thyroxine in order 
to reduce the size of the nodule, but the efficacy of thyrotropin- 
suppressive therapy with thyroxine remains uncertain. 

In this study, 53 patients with a colloid solitary thyroid nodule 
confirmed by biopsy were randomly assigned in a double-blind man- 
ner to receive placebo (n = 25) or levothyroxine (n = 28) for six 
months. Before treatment, pertechnetate-99m thyroid scanning 
showed that 22 percent of the nodules were functional, 25 percent 
hypofunctional, and 53 percent nonfunctional. High-resolution (10- 
MHz) sonography was used to measure the size of the nodules 
before and after treatment. Suppression of thyrotropin release was 
confirmed in the levothyroxine-treated group by the administration of 
thyrotropin-releasing hormone; thyrotropin release was normal in the 
placebo group. Six months of therapy did not significantly decrease 
the diameter or volume of the nodules in the levothyroxine group as 
compared with the placebo group. 

We conclude that the efficacy of levothyroxine therapy in reducing 
the size of colloid thyroid nodules is not apparent within six months, 
despite effective suppression of thyrotropin. 


Cancer 


Residual fibrous masses in treated Hodgkin’s disease. Chen JL, 
Osborne BM, Butler JJ (BMO, Dept. of Anatomic Pathology, Univer- 
sity of Texas M. D. Anderson Hospital-85, 6723 Bertner Ave., Hous- 
ton, TX 77030). Cancer 60:407-413, 1987 


Of nine patients with residual masses following therapy for Hodg- 
kin’s disease (HD), eight had nodular sclerosing HD, and one had 
mixed cellularity HD. One patient had Stage II disease, seven had 
Stage Ill, and one had Stage IV. Seven patients presented with bulky 
mediastinal disease. Regardless of the initial therapy used residual 
masses in the mediastinum and/or peripheral locations stabilized in 
1 to 8 months. Between 5 and 10 months after initiation of therapy, 





five patients underwent resection of mediastinal or paratracheal 
masses; three patients had resection of peripheral masses, and one 
patient underwent laparatomy. Microscopically, the resected masses 
were hyalinized tissue showing a characteristic nodular configuration 
without evidence of active HD. Stable residual mass lesions occurring 
after therapy for HD should not be assumed to represent recalcitrant 
malignancy, as they may show only fibrosis. 
Reprinted by permission from the American Cancer Society. 


Malignant lymphomas in a population at risk for acquired im- 
mune deficiency syndrome. Ahmed T, Wormser GP, Stahl RE, et 
al. (TA, Div. of Neoplastic Diseases, New York Medical College, 
Valhalla, NY 10595). Cancer 60:719-723, 1987 


Certain neoplasia are closely associated with acquired immune 
deficiency syndrome (AIDS). To evaluate this relationship the authors 
reviewed the occurrence of lymphomas in populations at high risk for 
AIDS; the study population included prisoners from New York State 
and nonprisoner intravenous drug abusers (IVDA). Non-Hodgkin's 
lymphoma was diagnosed in 16 prisoners, all of whom were IVDA, 
and four nonprisoner IVDA. The observed number of prisoners with 
non-Hodgkin's lymphoma (11) diagnosed between January 1, 1981 
and December 12, 1984, significantly greater than expected number 
(2.28) based on age adjusted incidence rates for the US population 
(P < 0.001). The calculated average incidence rate for non-Hodgkin's 
lymphoma among New York State prisoners aged 20 to 49 years 
was 21.5/10° to 67.2/10°, which was nearly sixfold to 18-fold higher 
than the general population. For prisoner IVDA, specifically, this 
incidence may be as high as 164/10°, which represents a 40-fold 
increase in the relative risk compared with the general population. It 
is concluded that, non-Hodgkin's lymphoma is frequently a manifes- 
tation of AIDS among IVDA, and is the most common malignancy 
seen in IVDA with AIDS. 

Reprinted by permission from the American Cancer Society. 


Chest 


Proton magnetic resonance imaging to stage activity of interstitial 
lung disease. McFadden RG, Carr TJ, Wood TE (RGM, St. Joseph's 
Health Center, 268 Grosvenor St., London, Ontario, Canada N6A 
4V2). Chest 92(1):31-39, July 1987 


Patients with active interstitial lung disease (ILD) are often treated 
with high-dose corticosteroids, although such therapy is not univer- 
sally effective and has significant risks. Clinicians have utilized various 
ancillary diagnostic techniques to help with difficult treatment deci- 
sions. Since magnetic resonance imaging (MRI) has the theoretic and 
experimental potential of differentiating various stages of ILD, we 
prospectively studied 34 adult patients in a 0.15 Tesla resistive 
magnet body imager. The most severely affected patients, wno were 
thought to warrant a steroid trial, had the greatest MRI image 
intensity, and dramatic improvement was seen following successful 
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treatment. Qualitative MRI data were as useful as any other ancillary 
diagnostic technique (radiographic, physiologic, scintigraphic) in pre- 
dicting clinical course. Computer-generated relaxation times were not 
sufficiently precise to differentiate active from inactive disease. Al- 
though limited by availability and cost, MRI appears to be a useful 
ancillary diagnostic technique in ILD patients facing immunomodulat- 
ing therapy. 


Circulation 


Indium 111-monoclonal antimyosin antibody imaging in the di- 
agnosis of acute myocarditis. Yasuda T, Palacios IF, Dec GW, et 
al. (Editor's Office, Cardiac Unit, Jackson 13, Massachusetts General 
Hospital, Boston, MA 02114). Circulation 76(2):306-311, 1987 


A definitive diagnosis of myocarditis requires right ventricular bi- 
opsy. Despite its specificity, however, right ventricular biopsy may 
lack sensitivity due to the focal nature of the disease. Because indium 
111—monoclonal antimyosin antibody imaging can be used to detect 
myocardial necrosis, this procedure was performed on 28 patients 
Clinically suspected of having myocarditis, 25 of whom had left 
ventricular ejection fractions of less than 45%, and the results were 
compared with those of right ventricular biopsy performed within 48 
hr of the scan. Antimyosin scans were positive in nine patients who 
had evidence of myocarditis on right ventricular biopsy, and negative 
in 11 who had no evidence of myocarditis by biopsy. The remaining 
eight had positive antimyosin scans but showed no evidence of 
myocarditis on right ventricular biopsy. On the basis of a right 
ventricular biopsy standard, the sensitivity of this method was 100%, 
the specificity 58%. We conclude that antimyosin antibody imaging 
is a reliable screening method for the evaluation of patients suspected 
of having myocarditis, and that a positive antimyosin scan indicates 
the need for right ventricular biopsy to establish the histologic diag- 
nosis. 


Gastroenterology 


Gastric Campylobacter-like organisms, gastritis, and peptic ulcer 
disease. Blaser MJ (MJB, Infectious Disease Section (111L), VA 
Medical Center, 1055 Clermont St., Denver, CO 80220). Gastroen- 
terology 93:371-383, 1987 


Although the presence of gastric bacteria has been long estab- 
lished, the recognition and isolation of Campylobacter pylori and 
similar organisms has opened a new era in the understanding of 
inflammatory gastroduodenal conditions. Visualization or isolation of 
gastric Campylobacter-like organisms (GCLOs) is significantly asso- 
ciated with histologic evidence of gastritis, especially of the antrum. 
Correlation with peptic ulceration also exists but probably is due to 
concurrent antral gastritis. Outbreaks of hypochlorhydria with con- 
comitant gastritis have been attributed to GCLO infection, and a 
human volunteer became ill after ingesting C. pylori. Despite rapid 
microbiologic characterization of the organisms and the epidemiology, 
pathology, and serology of infection, the pathogenetic significance of 
GCLOs remains unknown. Whether GCLOs cause, colonize, or 
worsen gastritis must be considered an unanswered question at 
present. The efficacy of antimicrobial treatment of GCLO infection on 
the natural history of gastritis is not presently resolved. Nevertheless, 
GCLOs are at least an important marker of inflammatory gastroduo- 
denal disease, and attempts to ascertain their clinical significance are 
Clearly warranted. 

Reprinted with permission by the American Gastroenterological 
Association. 


Digestive Diseases and Sciences 


Carcinoid tumor of the biliary system: case report and literature 
review. Jutte DL, Bell RH, Penn |, Powers J, Kolinjivadi J (IP, Dept. 
of Surgery (112), 3200 Vine St., Cincinnati, OH 45220). Dig Dis Sci 
32(7):763-769, July 1986 

Cancers of the gallbladder and extrahepatic bile ducts are relatively 
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rare tumors. Most are adenocarcinomas (1). Biliary carcinoids are 
exceedingly rare. In this report we describe a successfully treated 
carcinoid tumor of the common hepatic duct and review the subject 
of carcinoids of the gallbladder and bile ducts. 


The Journal of Bone and Joint Surgery 


Total shoulder arthroplasty. Barrett WP, Franklin JL, Jackins SE, 
Wyss CR, Matsen FA Ill, (WPB, 4445 Talbot Rd. South, Renton, WA 
98055). J Bone Joint Surg [Am] 69-A:6, July 1987 


A prospective study was done of fifty total shoulder replacements 
in forty-four patients who were followed for an average of 3.5 years 
(range, 2.0 to 7.5 years). The preoperative diagnosis was osteoar- 
thritis in thirty-three shoulders, rheumatoid arthritis in eleven, and a 
previous fracture of the humeral head in six shoulders. Nine of the 
shoulders had a tear of the rotator cuff. The Neer-lI system of total 
shoulder replacement with a non-metal-backed component was used 
in all fifty shoulders. 

At follow-up, forty-four shoulders (88 per cent) had no significant 
pain. Of the six painful shoulders, four had loosening of the glenoid 
component and one had malposition of both components. Three of 
the six shoulders had no significant pain after revision. 

The average range of active forward elevation in all of the shoulders 
improved from 71 to 100 degrees, and both external and internal 
rotation improved as well. 

Five specific activities of daily living were evaluated, and the 
patients’ ability to perform them improved from 14 to 78 per cent. 
Thirty-fivesshoulders (68 per cent) were rated by the patients as much 
better; thirteen shoulders (26 per cent), as better: and three (6 per 
cent), as no better. An incomplete lucent line was noted around five 
(10 per cent) of the cemented humeral stems and around thirty-seven 
(74 per cent) of the glenoid prostheses. Four arthroplasties (8 per 
cent) required revision: three for loosening of the glenoid component 
and one for malposition of both components. 

There was a 16 per cent incidence of perioperative complications 
and a 10 per cent incidence of loosening of the glenoid component. 

Four of the patients who had symptomatic loosening of the glenoid 
component had a massive tear of the rotator cuff. We also noticed 
this association in three patients who were seen after the study 
period. 

Our experience indicates that unconstrained arthroplasty of the 
shoulder is a dependable method for restoring comfort and function 
to patients who have loss of the normal surface of the glenohumeral 
joint, although the procedures should be performed by those who 
are familiar with both surgery about the shoulder and total joint 
arthroplasty. The problem of loosening of the glenoid component 
requires further evaluation. 


The Journal of Urology 


Blunt urinary tract trauma: identifying those patients who require 
radiological diagnostic studies. Hardeman SW, Husmann DA, 
Chinn HKW, Peters PC (3157 Rosebay, Bartlett, Tennessee 38134). 
J Urol 138:99-101, July 1987 


We evaiuated prospectively 506 consecutive patients who pre- 
sented with a history of blunt trauma and hematuria. All patients 
initially underwent excretory urography and cystography. Of the 506 
patients 25 had detectable urinary tract injuries that were confirmed 
either by the initial studies or by computerized tomography, angiog- 
raphy or direct intraoperative inspection. Diagnoses included 7 renal 
contusions, 7 renal lacerations (1 major and 6 minor), 1 renal artery 
injury, 3 intraperitoneal and 5 extraperitoneal bladder ruptures, and 
2 urethral injuries. Of the 25 patients 21 presented with gross 
hematuria, including all of those with lower tract injuries. One of the 
4 patients who presented with microhematuria was hospitalized in 
shock. Of the remaining 3 patients with microhematuria and no shock 
1 had a minor renal laceration and 2 had renal contusions. All 3 
patients were managed conservatively and all 3 were hospitalized 
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chiefly for associated nonurological injuries. If the patients who pre- 
sented with microhematuria and no shock were excluded from initial 
radiographic evaluation, 1 minor renal laceration and 2 renal contu- 
sions would have been missed. If we had added 1 more exclusion 
criterion, that of absence of major associated injuries, we would not 
have missed an injury. 


British Journal of Urology 


Tumour markers in prostatic carcinoma. A comparison of pros- 
tate-specific antigen with acid phosphatase. Ferro MA, Barnes |, 
Roberts JBM, Smith PJB (MAF, Dept. of Urology, Bristol Royal 
Infirmary, Bristol BS2 8HW, United Kingdom), Br J Urol 60:69-73, 
1987 


A study was performed on 130 men to compare the level of serum 
prostate-specific antigen (PSA) in controls, patients with benign pros- 
tatic hyperplasia (BPH) and patients with prostatic carcinoma. The 
results showed that all 30 normal controls below 40 years of age had 
values less than 10 ng/ml. Of the 40 patients with BPH, all aged over 
40 years, 13 (32.5%) had raised levels above 10 ng/ml. In the 60 
patients with prostatic carcinoma, all over 40 years, 24 had localised 
disease (MO) and 36 had metastatic spread (M1), as judged by isotope 
bone scan. In patients with MO disease, 16 (66.6%) had raised PSA 
levels compared with 34 (94.5%) of those with M1 disease. The 
corresponding figures for raised prostatic acid phosphatase (PAP) 
values were 4% in the MO group and 52.7% in the M1 group. 

PSA levels reflected neither the histological grade nor the local 
stage of the tumour and were of no value in estimating tumour 
burden. 

PSA was found to be a valuable index in the management of 
prostastic cancer because of this sensitivity. Stable disease not 
requiring hormonal manipulation was reflected by unchanging levels 
of PSA, whereas progressive disease requiring hormonal therapy was 
reflected by an alteration in the PSA levels corresponding to the 
patients’ response. The same group of progressive disease patients 
showed only a 50% rise in serum PAP levels, confirming the greater 
sensitivity of PSA as a measure of prostate cancer. PSA measure- 
ments should be included in any further trials of prostatic carcinoma 
and should be regarded as a standard marker for evaluating response 
to therapy. 


Pediatrics 


Vascular basis for neural tube defects: a hypothesis. Stevenson 
RE, Kelly JC, Aylsworth AS, Phelan MC (RES, Greenwood Genetic 
Center, 1 Gregor Mendel Cir., Greenwood, SC 29646). Pediatrics 
80:102-106, July 1987 


A hypothesis is set forth that neural tube defects are produced by 
inadequate nutrient supply to the rapidly growing neural folds. Ac- 
cording to this hypothesis, a delay in establishing blood flow or an 
aberration of blood supply to neural tissue may interfere with nutrition 
and prevent neural tube closure. The hypothesis was tested by 
examining the vasculature of fetuses with spinal neural tube defects. 
In each case, the arterial supply to the region of the neural tube 
defect was disturbed. Because development of arterial supply to the 
neural folds predates neural tube closure, these vascular abnormali- 
ties are considered to be primary malformations that lead to neural 
tube defects rather than secondary morphologic disturbances result- 
ing from neural tube defects. 

Reprinted with permission of PEDIATRICS © 1987. 


The Journal of Pediatrics 


Usefulness of chest radiographs in children with acute lower 
respiratory tract disease. Alario AJ, McCarthy PL, Markowitz R, 
Kornguth P, Rosenfield N, Leventhal JM (AJA, Div. of Ambulatory 
Pediatrics, Rhode Island Hospital, 593 Eddy St., Providence, RI 
02903). J Pediatr 111;187-193, August 1987 
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To determine how frequently and under what circumstances the 
chest radiograph changes pre-x-ray diagnoses and plans for man- 
agement of suspected acute lower respiratory tract disease, experi- 
enced pediatricians performed a three-phased sequential evaluation 
(observation, history, physical examination), determined an initial 
diagnosis and the need for a chest radiograph after each phase, and 
recorded pre- and post-x-ray diagnoses and plans of management. 
Of the 102 children evaluated, the chest radiograph resulted in a 
change of the pre-x-ray diagnosis in 21% and pre-x-ray management 
plans in 16%. In the majority of these cases, a diagnosis previously 
considered less likely was “ruled in” or therapy was instituted rather 
than withheld. More important, when the pattern of decision making 
was consistent, with the initial diagnosis and the need for a chest 
radiograph remaining the same throughout all phases. the chest 
radiograph resulted in a change of pre-x-ray diagnosis in five (10%) 
of 48 patients, compared with a change in 16 (30%) of 54 when the 
pattern was inconsistent (P < 0.02). Similarly, when the pattern was 
consistent, the pre-x-ray management was modified in only three 
(6%) of 48 patients versus 13 (24%) of 54 inconsistent cases (P < 
0.015). Chest radiographs are least useful when information from 
sequential observation, history, and physical examination is consis- 
tent in suggesting the same diagnosis and need for a chest radi- 
ograph. Radiographs appear to have greater impact on diagnosis 
and management when any inconsistencies arise. 


RADIOLOGY SUBSPECIALTY JOURNALS 


The Journal of Nuclear Medicine 


Gallium-67 scans of the chest in patients with acquired immuno- 
deficiency syndrome. Kramer EL, Sanger JJ, Garay SM, et al. (ELK, 
Div. of Nuclear Medicine, NYU Medical Center, 560 First Ave., New 
York, NY 10016). J Nuc! Med 28(7):1107-1114, July 1987 


Eighty-six [°’Ga]citrate chest scans were performed in 71 adult 
patients with the acquired immunodeficiency syndrome. Forty-five of 
these patients also had Kaposi’s sarcoma. Only 29 of 57 abnormal 
scans were correlated with abnormal chest radiographs. Chest radio- 
graphs were negative for 27 scans and unavailable for one. Several 
scan patterns were seen. Diffusely increased lung uptake was seen 
most commonly with Pneumocystis carinii pnuemonia, but also other 
infections and noninfectious inflammatory conditions. Focal uptake 
corresponding to regional lymph node groups occurred most often 
with Mycobacterium avium-intracellulare but also with lymphoma. 
Localized intrapulmonary uptake was seen in bacterial pneumonias. 
Perihilar activity occurred in two cases. When chest radiographs were 
abnormal and ®’Ga scans negative, the most common diagnosis was 
pulmonary Kaposi's sarcoma. 


Pediatric Radiology 


Analysis of bowel perforation in necrotizing enterocolitis. Frey 
EE, Smith W, Franken EA Jr, Wintermeyer KA (EEF, Dept. of Radiol- 
ogy, University of lowa Hospitals and Clinics, Ilowa City, IA). Pediatr 
Radiol 17:380-382, 1987 


The most severe complication of necrotizing enterocolitis (NEC) is 
bowel perforation. Identification of neonates at high risk for perfora- 
tion and optimization of radiologic imaging to identify bowel perfora- 
tion are necessary to reduce the high mortality rate associated with 
this catastrophic event. One hundred and fifty-five cases of NEC 
were seen at our institution during a 5.5 year period. Nineteen (12%) 
progressed to perforation. A review of surgical findings, autopsy 
results and radiographs from these patients shows only 63% had 
radiographic evidence of free air in the peritoneal cavity at the time 
of perforation. Twenty-one percent had radiographic evidence of 
ascites but no pneumoperitoneum, and 16% had neither free air nor 
ascites. Thus purely radiographic criteria for bowel perforation in NEC 
are imprecise, and paracentesis is mandatory in NEC patients with 
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ascites or Clinical findings indicative of peritonitis. Timing of radio- 
graphic studies and site of bowel involvement are also important. 
Seventy-nine percent of perforations occurred 30 h after confirmation 
of diagnosis (by clinical or radiographic criteria). Surgery or autopsy 
revealed involvement of the ileo-cecal region in 89% of cases with 
the actual site of perforation occurring in this area in 58% of patients. 


Journal of Ultrasound in Medicine 


Sonography of ovarian fibromas/thecomas. Athey PA, Malone RS 
(PAA, Dept. of Radiology, Baylor College of Medicine, 1 Baylor Plaza, 
Houston, TX 77030). J Ultrasound Med 6:431-436, 1987 


The sonographic findings in 14 patients with ovarian fibromas/ 
thecomas are described. A broad spectrum of sonographic features 
are presented and include hypoechoic mass with posterior shadowing 
(two cases); anechoic mass with good through transmission (with 
septations, two cases; without septations, four cases), echogenic 
mass with well-defined posterior wall (three cases); calcified mass 
(two cases); mixed echogenicity mass (one case). The pattern of a 
hypoechoic adnexal mass with acoustic shadowing should still sug- 
gest a fibroma/thecoma, but in most cases the appearance is non- 
specific. 

Reprinted with permission by the American Institute of Ultrasound 
in Medicine. 


Journal of Computer Assisted Tomography 


MR imaging of the thyroid: comparison with scintigraphy in the 
normal and diseased gland. Mountz JM, Glazer GM, Dmuchowski 
C, Sisson JC (JMM, University of Michigan Medical Center, University 
Hospital, B1G 412/0028, 1500 E. Medical Center Dr., Ann Arbor, MI 
48109-0028). J Comput Assist Tomogr 11(4):612-619, July/August, 
1987 


Spin-echo magnetic resonance (MR) imaging of the thyroid gland 
was performed in patients using a superconducting magnet operating 
at 0.35 T. There were 17 women and two men with an age range of 
21-77 years. All of the patients with disease were also evaluated 
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with scintigraphy and three of the four subjects with normal thyroid 
glands also had scintigraphy. Final diagnoses in the patients were 
normal gland in four, Graves disease in two, thyroid cyst in one, 
benign follicular adenoma in two, papillary cell carcinoma in one, 
Hurthle cell carcinoma in one, Hashimoto thyroiditis in one, and 
multinodular goiter in seven. The normal thyroid and surrounding 
anatomy were clearly demonstrated by intrinsic signal intensity differ- 
ences of the tissues. The thyroid gland in Graves disease was 
enlarged and had homogeneously increased signal intensity at all 
pulse sequences compared with skeletal muscle and normal thyroid. 
The thyroid cyst and benign adenoma were well defined; however, 
the cyst displayed the greater signal intensity on more T2-weighted 
pulse sequences. The MR signal intensity features of multinodular 
goiter and Hashimoto thyroiditis appear similar to those of the normal 
gland. In cases of focal masses, MR could not reliably distinguish 
benign from malignant tumor. However, using intensity ratio data 
there was a statistically significant difference between solid and 
hemorrhagic cystic disease. 


Magnetic Resonance Imaging 


Fluorine-19 NMR spectroscopic studies of the metabolism of 5- 
fluorouracil in the liver of patients undergoing chemotherapy. 
Wolf W, Albright MJ, Silver MS, Weber H, Reichardt U, Sauer R (WW, 
Radiopharmacy Program, University of Southern California, Los An- 
geles, CA 90033). Mag Reson Imag 5:165-169, 1987 


Fluorine-19 nuclear magnetic resonance allows direct observation 
of fluorinated drugs and their metabolites in the human body without 
background signal from the tissue. A well-known fluorinated chemo- 
therapeutic drug, 5-fluorouracil, and its metabolites were observed 
noninvasively in the liver of three patients undergoing cancer chemo- 
therapy. Spectra were obtained at 1.5 T with a surface coil centered 
over the right lobe of the patient's liver. Administration of 1.5 gm of 
9-fluorouracil was done after positioning in the magnet. Serial spectra, 
collected over a 2-h period, revealed both the nature of the metabo- 
lites present in the liver, and the time course of each patient's 
metabolism. These observations represent the first noninvasive NMR 
Study of drugs in human patients and show the feasibility of using in 
vivo F-19 NMR spectroscopy for human studies of fluorinated com- 
pounds. 


Film Fogging by Phosphorescent Apparel 


Fogging of radiographic film may be due to a number of factors, 
including prolonged or inadequate storage conditions, improper pro- 
cessing, and accidental exposure to ionizing radiation [1-3]. Expo- 
sure to light under improper darkroom conditions, however, is the 
most prevalent source of fog and may occur as a result of incorrect 
safelight filters; excessive safelight wattage; light leaks; and indicator 
lights on telephones, silver recovery units, timers, and other electrical 
devices [1]. We report an additional source of light fogging: phospho- 
rescent apparel worn by darkroom personnel. 

Intermittent film fogging was encountered one morning on three 
(15%) of 20 sonographic films that were processed in one of the 
department's darkrooms. Although the fogging apparently was due 
to exposure to light, it did not always originate at the edge of the film 
(Fig. 1). Further investigation revealed that the darkroom person was 
wearing a newly purchased phosphorescent wristwatch (Glowatch, 
Nelsonic Industries, Long Island City, NY). The watch subsequently 
was confirmed as the source of light fogging by several repeat brief 
exposures of the single-emulsion video-imaging film (Cronex MRF- 
31, E.l. du Pont de Nemours, Wilmington, DE). An exposure of only 
1 sec produced the intense film fogging shown in Figure 2. Emission 
spectroscopy of the luminous watchband produced a wavelength 
spectrum that was nearly identical to that of the video-imaging film. 





Fig. 2.—Silhouette of phospho- 
rescent watch was produced by a 
1-sec exposure to video-imaging 
film. 


Fig. 1.—Light fogging of video- 
imaging film. 
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Letters 





Fogging of radiographic film by phosphorescent apparel has not 
been reported previously. Clues that may suggest this as a cause 
include light fogging not emanating from the edge of the film and 
intermittent occurrence (due to random concealment by overlying 
clothing). Physicians and technical personnel should be aware that 
phosphorescent apparel may provide an explanation for unexpected 
light fogging. 

Lawrence C. Swayne 

Dona Callandrillo 

Simon C. P. Lam 

Grace A. Moore 

Morristown Memorial Hospital 
Morristown, NJ 07960 
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CT of Pseudomyxoma Peritonei 


Pseudomyxoma peritonei is an indolent form of carcinomatosis of 
the peritoneum and omentum. It has several potential primary sites, 
although rarely it can have an indeterminate site [1], as illustrated in 
our patient. A CT sign, scalloping of the liver, has been helpful in 
suggesting the diagnosis. We report scalloping of the spleen, a finding 
previously not reported. 

A 58-year-old man had progressive distension of his abdomen over 
a period of 3 months. A soft mass was palpated in the left hypochon- 
drium extending into the pelvis. Barium studies showed no intralu- 
minal lesion. Multiple smooth, well-defined, cystic lesions were ob- 
served in the pelvis and peritoneal cavity on the CT scan. Scalloped 
borders of the spleen were caused by the lesions (Fig. 1). 

The radiologic diagnosis of pseudomyxoma peritonei was con- 
firmed on laparotomy. Appendix and gallbladder were normal on 
histopathology. Pancreas and urinary bladder were normal; no evi- 
dence of a patent urachus or an omphalomesenteric cyst of the 
umbilicus was found. 

Pseudomyxoma shows two CT patterns: diffuse infiltration of the 
peritoneum, which may appear similar to ascites, and septated fluid 
pockets that fill the peritoneal cavity. Scalloping of intraabdominal 
organs is a diagnostic CT feature. Scalloping of the liver has been 
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Fig. 1.—CT scan of abdomen 
shows scalloping of spleen 
caused by conglomerate cystic 
mass. 





reported by several authors [2]. Scalloping of the spleen has not been 

reported but, as observed in this patient, has an appearance identical 
to the hepatic scalloping. 

Vipul P. Parikh 

Chandru Jain 

Mehul B. Desai 

J. J. Hospital 

Bombay, India 


REFERENCES 


1. Limber GK, King RE, Silverberg SG. Pseudomyxoma peritonei. Ann Surg 
1973;178:587-593 

2. Dachman AH, Lichtenstein JE, Friedman AC. Mucocele of the appendix 
and pseudomyxoma peritonei. AJR 1985;144:923-929 


Vertebral Body Biopsies 


In a recent article, Mink et al. [1] reported that all vertebral biopsies 
in their institution were performed with general anesthesia. | am 
dismayed by this comment as | think that one of the real advantages 
of having radiologists do this procedure is that the patient does not 
have to face the risk of general anesthesia. At the University of 
Virginia, we do approximately two to three vertebral biopsies per 
month and have not had a case in which we could not perform the 
biopsy because of the patient's discomfort or pain. Liberal use of 
local anesthetics and, more importantly, counseling of the patient 
during the procedure has allowed us to perform these diagnostic 
Studies without difficulty. In fact, we prefer that our patients be awake 
and conscious so that they can tell us during the procedures if they 
have any unusual symptoms, such as radiating pains, which might 
indicate nerve encroachment. Another helpful technique is to use a 
16- or 17-gauge needle instead of the large-bore cutting needles 
when possible. Often the diagnosis can be made on the basis of 
aspiration of osseous clot without having to resort to the use of large- 
caliber needles [2]. 

| do not think that radiologists who might contemplate starting this 
very simple and helpful procedure should be left with the impression 
that they must do vertebral biopsies under general anesthesia. In 
fact, one of our major referral departments is orthopedics, and many 
of the their patients have contraindications to general anesthesia, 
which prompts the department's request for us to do the biopsy. 

A final advantage is that at least one-third of our studies are done 
on an outpatient basis. This decreases the cost and morbidity asso- 
ciated with the procedure. In a time of diminishing monetary re- 
sources, | think that outpatient vertebral biopsy without general 
anesthesia affords radiologists a unique opportunity to perform a 
necessary and worthwhile procedure more economically and with 
less potential morbidity. 

Thomas Lee Pope, Jr. 
University of Virginia Medical Center 
Charlottesville, VA 22908 


AJR: 149, November 1987 
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Reply 


Since 1980, we have performed approximately 128 vertebral body 
biopsies, only 63 of which were performed with a trephine instrument. 
The other 65 patients had lesions with definite cortical destruction, 
permitting access to the lesion, and/or a significant extraosseous 
mass. For every patient in this group, the biopsy was performed with 
a 16- or 18-gauge needle or, on rare occasions, with a Tru-Cut 
(Travenol Laboratories, Deerfield, IL) instrument. All such patients 
underwent biopsy without premedication, and the biopsies were 
performed routinely on an outpatient basis. In all cases, we encour- 
aged such an approach. 

Sixty-three of the patients (reported previously in [1]) were thought 
by the attending radiologist to require biopsy with a cutting instru- 
ment. These lesions were typically osteoblastic or had a completely 
intact cortex. An anesthesiologist was in attendance for each of these 
procedures. For many of the patients, the preoperative medications 
plus generous administration of lidocaine provided sufficient pain 
relief. In approximately one-half of the patients, however, additional 
anesthesia/analgesia in the form of IV valium, fentanyl, morphine, or 
short-acting barbiturates was required. No patient had inhalational 
anesthesia, nor was any patient intubated. Like Dr. Pope's patients, 
many of our patients were seriously ill and were poor surgical risks; 
we have found it especially reassuring to have an anesthesiologist 
on hand to monitor such patients, regardless of the medications 
given. We did not have any patients in whom biopsies could not be 
performed because of their clinical condition and requirements for 
medication for pain. We do aspirate the osseous clot obtained after 
the cortex is penetrated with the cutting instrument. 

Except for the most fragile patients (who were usually inpatients), 
the anesthesiologist-assisted biopsies were performed on an outpa- 
tient basis. The patient usually arrived at the hospital at 7:00 a.m., 
had the biopsy completed by 8:30 a.m., and spent between 30 and 
120 min in the recovery room before being discharged. 

We, too, do not want to leave radiologists with the impression that 
all vertebral biopsies must be done with general anesthesia. In our 
experience, however, trephine biopsy can be painful, and given the 
proximity of vital structures, such as the aorta, to the vertebrae, 
inadvertent motion by the patient could prove dangerous. Having an 
anesthesiologist stand by does increase costs (a modest $150 to 
$250), but most of our patients seem to appreciate the additional 
reassurance. 

Jerrold H. Mink 

llene Weitz 

Cedars-Sinai Medical Center 

Los Angeles, CA 90048 

A. Robert Kagan 

Southern California Permanente Medical Group 
Los Angeles, CA 99027 

Richard J. Steckel 

Jonsson Comprehensive Cancer Center at UCLA 
Los Angeles, CA 90024 
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Esophageal Intramural Pseudodiverticulosis: A 
Reevaluation 


Results obtained at Glostrup Hospital in the last 5 years strongly 
support the hypothesis of Levine et al. [1], published in the December 
1986 issue of AJR, that esophageal intramural pseudodiverticula are 
sequelae of chronic reflux esophagitis. Seven patients with severe 
esophageal iatramural pseudodiverticulosis have been seen. In three, 
the pseudodiverticula were distributed diffusely over the whole tho- 
racic esophagus; in four, they were distributed segmentally, (two in 
the lower esophagus, one in the midesophagus, and one at the 
cervicothoracic junction). All seven patients had severe reflux esoph- 
agitis. In one of them, the appearance and gradual increase in the 
number of the pseudodiverticula began 8 years after a total gastrec- 
tomy withsan esophagojejunal anastomosis. 

In all our patients, double-contrast esophagography consistently 
showed more pseudoverticula than single-contrast esophagography 
(Fig. 1). Twe patients had esophagogastroscopy. In both these 
patients, this procedure showed the infected esophageal mucosal 
glands with pinhead-sized pus collections corresponding to the open- 
ings of the ducts of the glands. The pus collections were surrounded 
by focal reddened, brittle mucosa. Their distribution corresponded to 
that of theypseudodiverticula on the esophagrams. Endoscopists may 
not have reported more on this finding because of lack of awareness 
of its clinical identity. The endoscopist at Glostrup Hospital realized 
it only when the similarity between the radiologic distribution of the 
pseudodiverticula and the spread of the pus collections was pointed 
out. Microbiological cultures from the pus collections were positive 
for Candida albicans in one patient and for both Candida albicans 
and Streptoceccus hemolyticus in another. Neither patient had AIDS. 
They both responded well to antireflux therapy, without adjuvant 
antibiotic or antimycotic therapy. In spite of significant regression of 
the clinical signs and symptoms of dysphagia, heartburn, odyno- 
phagia, and esophageal spasm, no decrease in the number of pseu- 
dodiverticula was seen on control esophagrams. This finding also 
suggests that treatment should be directed to the underlying disease, 


Fig. 1.—Single-contrast (en 
face, A) and double-contrast (in 
profile, B) esophagrams. More 
pseudodiverticula are shown on 
double-contrast examination. 
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as esophageal intramural pseudodiverticulosis rarely may Cause prob- 
lems on its own. 

Said Himidi Mohammed 

Glostrup Hospital 

University of Copenhagen 

DK-2600 Glostrup, Denmark 
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Preoperative Needle Localization of Lesions in the 
Lower Half of the Breast: Needle Entry from Below 


Dr. Homer describes a method of introducing needles preopera- 
tively into lesions in the lower half of the breast as guides for the 
surgeon in his article, “Preoperative Needle Localization of Lesions 
in the Lower Half of the Breast: Needle Entry from Below” [1]. He 
apparently has had success in placing a marker on the skin and then 
compressing the breast to determine the relationship of the marker 
to the lesion. The breast is uncompressed to insert the needle and 
then recompressed and imaged to gauge the relationship of the 
needle to the lesion. Given the elasticity of the breast tissue, these 
movements of the breast cannot help but reorient the relationship of 
a skin marker to a deep lesion (this is the reason skin markers are 
insufficient to localize occult lesions). This technique appears to be 
based more on estimation than on directly measurable relationships. 

Most modern mammographic systems provide fenestrated 
compression plates that permit compression of the breast yet still 
afford access to a lesion positioned in the window. As described 
previously [2, 3], when this equipment is used, abnormalities can be 
approached safely and accurately from any surface of the breast 
while the lesion is essentially under direct observation. No estimation 
or angulation (Fig. 2 in [1]) is necessary. The breast need never be 
compressed in the direction of the needle’s axis (Fig. 4 in [1]), and 
thus there is no danger of damaging the tissues or advancing the 
needle inadvertently. Depth positioning is accomplished easily, once 
the lesion has been transfixed in the initial position, by recompressing 
the breast perpendicular to the needle with the tube/compression 
system orthogonal to the insertion orientation. The needle is with- 
drawn to the appropriate depth, and the hook is engaged. 

Daniel B. Kopans 
Massachusetts General Hospital 
Boston, MA 02114 
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Reply 


| appreciate Dr. Kopans’s interest in my technique. | do not 
understand how he can write that “skin markers are insufficient to 
localize occult lesions” when my paper presents the data of a 10- 
year experience with this technique and documents its accuracy. 
Unless Dr. Kopans has personal experience in using this technique 
as | specifically describe it, his opinion is unsubstantiated and, on the 
basis of my reported experience, incorrect. 
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This particular method requires no special expertise or equipment. 
My residents have mastered the approach quickly and can localize 
inferior lesions accurately. | find this technique easier than turning a 
compression device around and approaching a deep six o'clock lesion 
from below on my knees. It is also considerably easier for the patient, 
who is lying comfortably on a stretcher with her breast uncom- 
pressed. 

Marc J. Homer 

Tufts University School of Medicine 
New England Medical Center 
Boston, MA 02111 


Permanent Eyeliner and MR Imaging 


In the May 1987 issue of AJR, Sacco et al. [1] reported MR 
artifacts caused by cosmetics, particularly those artifacts attributable 
to eye shadow, eyeliner, and mascara. This raises the issue of MR 
imaging in patients with intradermal pigmentation of the eyelids 
(“permanent” eyeliner)—a less widely recognized artifactal phenom- 
enon with possible harmful sequelae. 

A communication to MAGNETOM users from Siemens Medical 
Systems, Inc., released December 1986, presented an unusual case 
report of an otherwise healthy 22-year-old woman whose head was 
imaged with a 1.0-T unit for a total imaging time of about 1 hr. A 
magnetic artifact in the region of the eyelids was encountered on the 
anterior coronal images and was determined to be due to a ferro- 
magnetically active pigment used as permanent eyeliner. (Application 
of permanent eyeliner is an increasingly popular procedure in which 
the eyelids are “tattooed” with various pigments for a desired cos- 
metic effect.) About 2 hr after imaging, the patient experienced 
painless swelling and puffiness of her upper eyelids that peaked 
approximately 4 hr after imaging and subsided over the next 48 hr 
without treatment or apparent permanent sequelae. As a precaution- 
ary measure, Siemens suggests screening patients for permanent 
eyeliner and excluding from examination those for whom the ferro- 
magnetic nature of the pigment cannot be determined. 

Pigments used for tattoos are an inhomogenous group with no 
apparent standardization. Black, for example, may consist of carbon, 
iron oxide, or logwood. Other pigments with ferromagnetic potential 
that could lead to significant artifacts and side effects include brown 
(ferric sulfate), flesh (iron oxide), and blue (cobalt chloride) [2]. We 
are working on preimaging evaluations that screen for such pigments, 
and, when feasible, we delay or limit those examinations until more 
data become available. 

Joseph G. Jackson 
James D. Acker 

Baptist Memoria! Hospital 
Memphis, TN 38146 
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Reply 


The described artifact that was encountered with the permanent 
eyeliner does appear to be caused by a ferromagnetic substance. | 
was unable to determine specifically which ferromagnetic compound 
is present in the material used for the application of permanent 
eyeliner, as many cosmetic manufacturers do not deal with this 
product. As stated by Drs. Jackson and Acker, it may be similar to 
the materials used in tattooing. 
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Whatever this substance may be, it appears to be acting as a 
conductor. This may be causing increased energy deposition or 
heating in the adjacent soft tissues. The specific amount of RF energy 
deposition would be related to many factors, such as the field strength 
and pulsing sequence. However, a more likely cause of heating when 
a head coil is used may be stray electric fields associated with the 
RF transmit coil. The stray electric fields could couple with the 
conducting substance within the permanent eyeliner and cause heat- 
ing of the adjacent soft tissues. It would have been interesting to 
know what specific sequences were performed on the patient de- 
scribed in the case report and the distance of the eye from the coil. 

One procedure for screening a patient with a tattoo, permanent 
eyeliner, or similar material might be to scan the area by using a 
short-gradient echo sequence with phase imaging to determine if a 
metallic artifact is present. If a metallic artifact is present on this 
sequence, the examination could be modified to minimize the amount 
of potential RF energy deposition into the adjacent soft tissues. This 
could be accomplished by using a gradient-echo sequence instead 
of a spin-echo sequence or by shortening the examination time by 
decreasing the number of phase encoding steps. Additionally, it may 
be necessary to increase the distance between the ferromagnetic 
substance and the transmit coil. 

Damon Sacco 
Mount Zion Medical Center 
San Francisco, CA 94115 


An Improved Method for Viewing Small-Format 
Images on Standard Viewboxes 


| read with interest the letter by Drs. Cronin and Kolodny, “An 
Improved Method for Viewing Small-Format Images on Standard 
Viewboxes” [1], that appeared in the July 1987 issue of AJR. 

On a recent trip to Germany, | observed an illuminated 35 x 100 
cm viewbox with movable shutters that could be arranged with two 
handles to accommodate any desirable small or odd format image, 
thus blocking out any undesirable light. This viewbox is very popular 
in Europe, yet | have never seen anything comparable in the United 
States. For interested persons, the manufacturer is Planilux Geräte- 
bau F. Schulte in Warstein, West Germany. The viewbox is the LK-S 
type. 

Paul Stark 
Loma Linda University Medical Center 
Loma Linda, CA 92354 
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CT Diagnosis of Hepatic Metastases 


We read the article by Brick et al. [1] in the April 1987 issue of 
AJR with great enthusiasm. We disagree with the method that was 
used to evaluate hepatic lesions smaller than 2 cm. Brick et al. used 
slices 10 mm thick obtained at 10-mm intervals. However, as they 
mentioned, the classic problem of linear partial volume may be the 
inherent cause of the indeterminate CT diagnosis of hepatic metas- 
tasis. Goodenough et al. [2] have shown that volume averaging is a 
complex phenomenon, involving not only the expected relative frac- 
tions of substances mixed in the slice but also their spatial distribution. 
Thus, for a conventional axial scan, not only the relative proportions 
of the substances in the slice direction but also the axial extent of 
the mixing must be considered. It is well known that the linear partial- 
volume effect results from the incomplete inclusion of a structure of 
interest in a slice. Consequently, the resultant attenuation value or 
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Fig. 1.—°T scans of a patient 
with a melanoma and an indeter- 
minate hepatic lesion. 

A, Lesien (arrow) that is 
smaller than 10 mm has an atten- 
uation value of 67.8 H. Scan was 
obtained at 3 sec, using 120 kV 
and 140 mA. Slice thickness was 
10 mm. 

B, in repeat image obtained 10 
min later byusing a 1.5-mm slice 
thickness and 170 mA (same kil- 
ovoltage and scanning time as A), 
lesion (arrow) has an attenuation 
value of —4.0 H, more character- 
istic for a small simple cyst. A 
follow-up scan done 6 months 
later showed no change. 





CT number of the structure will be inconsistent with the true value. 
Normally, such inaccuracies can be significant for a large slice width, 
generally 10 mm and greater. In our experience, verification of the 
volume effect can be established for such cases by immediately 
repeating the scan and using a smaller slice width (e.g., 2 mm or 
less). In these circumstances, the total amperage should be increased 
to ensure that the standard deviations of the individual attenuation 
values do net change significantly [3]. 

We think that in the era of expensive diagnostic workups, it is 
important far the radiologist to take this matter into consideration. 
For example, in this particular circumstance, when the CT findings of 
single or multiple hepatic lesions are indeterminate, the radiologist 
should keep the patient for a few additional minutes and repeat the 
same slice where the lesion or lesions are seen, applying the afore- 
mentioned technique (Fig. 1). It has been our experience that doing 
so obviates sonographic evaluation of the lesion, hence eliminating 
additional radiologic expense. 

Ali Shirkhoda 

B. Gino Fallone 

The University of Texas System Cancer Center 
M. D. Anderson Hospital and Tumor Institute 
Houston, TX 77030 
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Reply 


lf Drs. Shirkhoda and Pallone have found that CT with thin slices 
is the best technique to characterize small, low-attenuation hepatic 
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lesions found on screening abdominal CTs at their institution, we 
certainly do not disagree with their use of this technique. However, 
we have chosen not to use this approach. 

Because these lesions are small and their location with reference 
to the CT slice can vary with even small changes in respiration, 
several 2-mm-thick slices frequently are needed to center exactly on 
the lesion. Although this technique certainly can be used with a single 
lesion, it can be very time-consuming in patients with multiple lesions, 
as were found in 21 of our 40 cases. 

In regard to the added expense of performing both CT and sono- 
graphy, some of our patients were taken for a quick, limited sono- 
graphic examination immediately after the CT was completed, either 
at no extra charge to the patient or at a reduced charge. In patients 
with multiple lesions, this actually may be less expensive for a 
department than the extended length of a CT examination that 
requires multiple, repeated thin slices. 

Steven H. Brick 
The George Washington University Medical Center 
Washington, DC 20037 


Combined Surgery-Mammography Conference: A 
Way to Optimize Patients’ Care 


The establishment of numerous breast imaging centers across the 
country has led to a proportionate increase in the number of breast 
biopsies, many of which require preoperative breast needle localiza- 
tion [1, 2]. Close cooperation between the primary physician, the 
radiologist, and the operating surgeon is best for optima! care but is 
often difficult to achieve on a day-to-day basis. We have found that 
a weekly surgery-mammography conference results in better care for 
patients and provides an educational opportunity for all attendees. 

Radiologists, surgeons, residents, nurses, medical students, and 
referring physicians are invited to attend. One hour of continuing 
medical education credit is given for each session. At the conference, 
the mammograms (and sonograms, where applicable) of patients 
scheduled to be seen that afternoon in the surgery clinic are presented 
and discussed. The clinic nurse gives the history and physical findings, 
and a radiologist discusses the mammograms. A disposition is made 
and recorded. 

From May 1, 1985, to October 1, 1986, 58 conferences were held, 
and a total of 686 patients were discussed. One hundred thirteen 
patients (16%) had biopsies; 61 (54%) showed malignancies, and 52 
(46%) showed benign conditions. The percentages of biopsies and 
malignancies are relatively high because the patients are a highly 
selected referral group. 

The importance of good mammographic technique is emphasized 
during the conference, and the reports are examined critically. The 
surgeon is able to ask directly about the mammographic findings. All 
cases with a negative mammographic report and a positive biopsy 
for carcinoma are discussed in detail. Problem cases of needle 
localization (poor localizations, difficult surgical approaches, and 
missed lesions) are analyzed. 

Institutions that perform large numbers of mammograms and 
breast biopsies would benefit from such a conference. To ensure 
success, the conference must have a coordinator who sends out 
meeting notices, collects the relevant charts and radiographs, and 
keeps detailed records. Discussion of follow-up cases must be an 
Ongoing part of the conference. Active collaboration between the 
referring physician, surgeon, radiologist, pathologist, and oncologist 
makes mammography rewarding intellectually and professionally and 
increases the mammographer’s confidence, competence, and accu- 
racy [3, 4]. Such an exchange of ideas and information, along with 
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sharing of clinical responsibility, produces optimal care for patients 
and may reduce significantly the likelinood of litigation [3]. 

Tim B. Hunter 

Hugo V. Villar 

John C. Bjelland 

Stanley P. L. Leong 

Linda L. Barteau 

University of Arizona Medical Center 

Tucson, AZ 85724 
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Plastic-Wrap Restraint for Lower Extremity 
Arteriography 


Although improvements in contrast media have decreased the 
amount of pain patients have during lower extremity arteriography, 
any pain that does occur may cause the patient to move during the 
examination. This motion may have an adverse effect on the quality 
of the image, especially when digital subtraction arteriography (DSA) 
is used. Conventional methods of securing the legs with adhesive 
tape are often inadequate and result in the need for repeat exami- 
nations. During the past year we have used common, kitchen plastic 
wrap as a restraining device and have found it to be an inexpensive 
and simple means for reducing leg motion. 

After being positioned properly, the undraped extremity is secured 
to the table by circumferential wrapping with plastic wrap (conven- 
tional Saran Wrap-like plastic, 30 cm wide) (Fig. 1). One edge of the 
plastic wrap is taped to the table, and then the plastic is wrapped 
twice about the legs, centered at the knee. The free end of the wrap 
is tacked down by simply pressing and smoothing it down over the 
first layer of wrap. This provides sufficient adhesive to create a tight 
wrap. The plastic wrap is removed immediately after the quality of 
the arteriograms has been assessed. The legs usually are wrapped 
for no longer than 10 min. 

To date, we have used plastic wrap for restraining the legs in 50 
patients (25 DSA, 20 cut film, and five DSA and cut film). Although 
retakes due to injector failure, timing error, film jam, and so forth still 
occur occasionally, problems with patients moving have been virtually 
eliminated. 





Fig. 1.—Common, kitchen plastic wrap is used to 
restrain the legs during arteriography of lower extremi- 
ties. Arrows show edges of wrap, which is centered on 
patient’s knees. 
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No patient has complained of discomfort due to the plastic wrap, 
and no skin changes have been seen, unlike the occasional irritation 
created by conventional adhesive tape. Similarly, no patient has 
reported worsening of ischemic symptoms due to the circumferential 
wrapping. The plastic wrap is completely clear, allowing constant 
visual inspection of the legs, and has not resulted in film artifacts or 
adversely affected DSA images. 

Lee H. Greenwood 

Mary H. Proto 

Steven S. Morse 

Yale New Haven Hospital 
New Haven, CT 06510 


Acro-osteolysis Secondary to Pityriasis Rubra 
Pilaris 


A 46-year-old man was admitted for treatment of a chronic der- 
matologic condition. He had a problem with dry skin that had begun 
developing when he was 18 years old. Evaluation disclosed a gen- 
eralized fine, papular eruption that was mildly erythematous. Close 
inspection showed follicular, hyperkeratotic lesions that involved the 
trunk, scalp, palms, and soles. With time, many of the areas of 
involvement became confluent, yellowish, keratotic plaques, some 
containing islands of normal skin. On the basis of these findings, the 
diagnosis of pityriasis rubra pilaris was made. 

Over the years, the patient had undergone several courses of 
treatment for removal of these asymptomatic plaques. A new finding 
on the current admission was that of painless clubbing and shortening 
of the distal digits. The patient had no previous history of significant 
cardiopulmonary disease, thermal injury to the extremities, or expo- 
sure to polyvinyl chloride. In addition, he had no signs or symptoms 
or previous history of any connective tissue disorder or of inflamma- 
tory arthritis. He denied any similar dermatologic disorder in any 
family member. Radiographs of the hands (Fig. 1) and feet showed 
nearly complete resorption of the distal phalanges of most of the 
hands and terminal tuft resorption of all the distal phalanges of the 
feet. Soft-tissue changes included shortening of the digits and club- 
bing. 

Pityriasis rubra pilaris is a finely scaling papular eruption that usually 
begins in early adulthood. The fundamental lesion is a keratotic papule 
arising within follicles. The papules are usually dry and yellow to 
yellowish-red with a tendency to become confluent. Unlike psoriasis, 
in this condition islands of normal skin may be found surrounded by 
areas of plaque formation. Psoriasis seldom involves the palms and 





Fig. 1.—Radiograph of the hands shows resorption of most of distal 
phalanges in a man with acro-osteolysis secondary to pityriasis rubra 
pilaris. 
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soles, and the silvery umbilicated scales of psoriasis have a different 
appearance. Pitting of the nails, a common finding in psoriasis, is 
absent in pityriasis rubra pilaris. 

We were unable to find any previously reported cases of acro- 
osteolysis associated withityriasis rubra pilaris, although the erup- 
tion is included in Reeders and Felson’s differential diagnosis for 
acro-osteolysis [1]. 

Other dermatologic diserders besides psoriasis that have been 
reported in association with acro-osteolysis include ichthyosiform 
erythroderma [2], epidermelysis bullosa, and Sézary syndrome (my- 
cosis fungoides) [3]. The iast two entities easily are differentiated 
from pityriasis rubra pilaris on the basis of dermatologic findings. 
Although ichthyosiform erytnroderma may have similar hyperkeratotic 
plaques, it is a congenital disorder and does not have the initial 
follicular distribution. The proposed mechanism for terminal tuft re- 
sorption in these various dermatoses is an interference of blood 
supply to the distal phalanges as a result of induration and scarring 
of the skin [1]. 

In summary, pityriasis rubra pilaris is presented as a distinct skin 
disorder that, in some cases, may be associated with acro-osteolysis. 

Robert A. Duke 

Milton R. Barrett 

Jorge E. Salazar 

Randall L. Scott 

Jeno E. Sebes 

The University of Tennessee, Memphis 
Memphis, TN 38103 
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MR Assessment of a Hamartoma of the Nasal 
Cavity 


We observed a 57-yearsold woman whose sole complaint was 
long-standing nasal obstruction caused by a large hamartoma, a rare 
tumor in the nasal cavity that usually is seen in infants and young 
children [1, 2]. MR imaging provided anatomic information that helped 
surgical planning and showed a good correlation between the tumor’s 
signal characteristics and its histology. 

Physical examination showed a white mass in the posterosuperior 
part of the left nasal cavity extending into the choana and the 
nasopharynx. CT scan of the head showed a mass of uniform 
attenuation filling the nasal passage, ethmoid cells, and sphenoid 
sinus on the left, without bene destruction. MR imaging performed 
on a Technicare 0.6-T system (Teslacon) showed two distinct areas 
of abnormal signal: regions of short T1 and long T2 relaxation times 
(compared to muscle) within the left sphenoid sinus and posterior 
ethmoid cells (Fig. 1) and a substance filling of the left passage and 
the nasopharynx that had overall T1 and T2 relaxation times similar 
to those of muscle. This mass was punctuated by foci of short T1 
and prolonged T2 relaxatiom times (Fig. 2). The MR findings were 
consistent with a nasal tumor blocking some of the ethmoid cells and 
the ostium of the sphenoid sinus, thus causing retention of mucus; it 
was thus made clear that resection of the mass was possible. 

At surgery, the mucus seen on MR was confirmed, and a pedun- 
culated mass arising from the posterosuperior nasal septum was 
removed. Histopathologic examination revealed a hamartoma. The 
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Fig. 1.—A (TR 400/TE 20) and B (TR 2000/TE 100) MR axial images 
show material of intermediate T1 and T2 relaxation times within left medial 
ethmoid air cells and material of short T1 and long T2 relaxation times 
filling left sphenoid sinus and several left lateral and posterior ethmoid air 
cells. 





Fig. 2.—A (TR 400/TE 20) and B (TR 2000/TE 100) MR coronal images 
show punctuate areas (short arrows) of short T1 and long T2 relaxation 
times within nasal mass. Ethmoid air cells are partially filled with short T1 
and long T2 substance (long arrows). 


tumor was covered by respiratory epithelium, and the stroma con- 
tained microcystic structures filled with mucin. Abnormal acinar pro- 
liferation, numerous vascular channels, and deposits of smooth mus- 
cle cells and fibroblasts were present. 

In this case, MR was more helpful than CT in delineating the extent 
of the tumor, namely in distinguishing retention of mucus from tumor. 
This was important for planning surgery, as any suggestion of tumor 
in the sphenoid sinus eventually would indicate extensive craniofacial 
resection or inoperability. Furthermore, the MR signal characteristics 
correlated with the pathologic findings. The abundance of fibroblasts 
and muscle cells contributed to the observed intermediate T1 and T2 
relaxation times of the tumor. The islands of mucus appeared as 
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small foci of short T1 and long T2 relaxation times as seen with fluids 
that have a high content of protein. 

Roland Chisin 

Mark W. Ragozzino 

Philip B. Flexon 

Michael P. Joseph 

Alfred L. Weber 

Max L. Goodman 

Massachusetts Eye and Ear Infirmary 

Boston, MA 02114 
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Use of Water as an Oral Contrast Agent for CT 
Study of the Stomach 


We studied the usefulness of water as an oral contrast agent that 
could enhance the visualization of gastric abnormalities on CT. CT 
scans were performed in 39 patients immediately after filling of the 
stomach with 400 ml of water. A bolus of 150 ml of IV contrast 
material was administered to all patients. CT images were obtained 
with a CGR 12000 machine by using a 3.4-sec scan time and 1-cm 
slice thickness at 7-mm intervals. The patients were placed in the 
supine position. In six cases, scans also were obtained when the 
patients were in the supine right oblique position. 

The stomach was abnormal in 28 cases: 23 carcinoma, two 
lymphoma, and four polyposis. The final diagnosis was made sur- 
gically in 18 patients and by endoscopy in 11. The thickness of the 
normal gastric wall was 2-5 mm (average, 3.5) when the stomach 
was distended (Fig. 1). 

In 23 patients with gastric carcinoma, CT allowed precise identifi- 
cation of the tumor in all cases. In 18 cases, the CT showed a 
localized or diffuse increase in wall thickness (Fig. 2) (range, 1.5-4 
cm); in five cases, the tumor appeared as a polypoid mass. 

In two patients with non-Hodgkin lymphoma, multiple irregularities 
of various thicknesses (0.7-2 cm) were seen on the inner surface of 
the stomach (Fig. 3). Gastric polyps were visible as mucosal excres- 
cences 4 mm to 2 cm in diameter. A stalk was evident in three cases 
(Fig. 4). 

Distension of the stomach with water improved visualization of the 
gastric wall, was accepted readily by the patient, and caused no side 
effects. It was possible to detect abnormalities that caused only slight 
irregularity on the inner surface of the stomach even when wall 
thickness was normal. 

Giuseppe Angelelli 
Luca Macarini 
Angelo Fratello 
University of Bari 
Policlinico 

70124 Bari, Italy 
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Fig. 1.—A, CT scan made before administration of water shows a 
possible abnormality in gastric wall (arrow). 

B, CT scan made after patient drank 400 mi of water shows stomach is 
normal. Spleen compresses fundus slightly (arrow). 





Fig. 2.—CT scan made in oblique Fig. 3.—CT scan made after ad- 
position after administration of ministration of water shows focal 
water shows an infiltrating carci- infiltration of gastric wall due to lym- 
noma of the stomach (arrows). phoma (arrows). 





Fig. 4.—CT scan made after ad- 
ministration of water shows a small 
stomach polyp on a stalk (arrow). 
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Biliary Tract Disease Conference 


Alta Bates Hospital is offering a 1-day conference, Biliary Tract 
Disease—Dilemmas and Decisions, on Saturday, Nov. 14, from 9:00 
a.m. to 4:30 p.m. Fee: $45, physicians; $30, nurses and residents. 
Category 1 credit: 6.5 hr; 6.5 CAFP hr applied for with the Academy 
of Medicine and Family Practice. Information: Mary Grim, Medical 
Education Coordinator, Alta Bates Hospital, 3001 Colby St., Berkeley, 
CA 94705; (415) 540-1420. 


Section on Radiology, the National Medical 
Association 


The 10th annual William E. Allen, Jr., Memorial Lecture of the 
Section on Radiology of the National Medical Association, Taking 
Radiology to the Geriatric Patient, was delivered on Aug. 5 by R. H. 
Timpton of New Orleans at the annual meeting in New Orleans. The 
winner of the Resident/Fellow Paper Competition at the meeting was 
André Galiber, Jr., of Howard University Hospital, Washington, DC. 
Runners-up in the competition were Angelo Galiber, Mayo Clinic, and 
John Smyles, Howard University Hospital. 

The newly elected officers of the Section on Radiology are M. H. 
Childress, chairman; E. A. Patterson, vice-chairman; and S. W. 
McFadden, secretary. 

The Section invites all interested radiologists and radiologic phys- 
icists, particularly minority professionals, to an Open Meeting and 
buffet dinner to be held Dec. 1, at the McCormick Center Hotel, 
Chicago, during the annual meeting of the Radiological Society of 
North America. Information: M. H. Childress, M.D., Radiology, How- 
ard University Hospital, 2041 Georgia Ave., NW, Washington, DC 
20060; (202) 745-1571. 


New England Roentgen Ray Society 


At the annual meeting of the New England Roentgen Ray Society, 
Inc., the following officers were elected for the coming year: president, 
T. C. McCloud; president-elect, R. L. Lebowitz; vice president, D. J. 
Hanson; secretary, R. A. Kane; treasurer, R. D. Pugatch; chairman 
of the executive committee, B. L. Carter; executive committee mem- 
bers, H. Z. Mellins, K. T. Benedict, Jr., P. D. Gibbons, E. M. Henken, 
Robert Isler, and R. F. Jeffery. 


Advanced Seminars in Diagnostic Imaging 


The Dept of Radiology, University of California, San Diego, School 
of Medicine, will present Advanced Seminars in Diagnostic Imaging, 
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Jan. 14-17, 1988, at the Ritz-Carlton Hotel, Laguna Niguel, CA. The 
course will consist exclusively of small group sessions. It is intended 
specifically for experienced imagers and other physicians who have 
ample knowledge of the fundamentals of radiology. Program director: 
D. S. Feigin. Faculty: W. L. Ashburn, F. J. Brahme, D. S. Feigin, B. 
B. Gosink, and G. R. Leopold. Category 1 credit: 20 hr. Fee: physi- 
cians, $400; physicians in training and technologists, $275. Informa- 
tion: Dawne Ryals, Ryals & Associates, P. O. Box 920113, Norcross, 
GA 30092-0113; (404) 641-9773. 


Chest Imaging 1988 


The Dept. of Radiology, University of California, San Diego, School 
of Medicine, will present Chest Imaging 1988, Jan. 18-21, 1988, at 
the Hotel del Coronado, Coronado, CA. The course is intended for 
physicians who wish to update their knowledge of modern imaging 
of the lungs and mediastinum. Emphasis will be on the most efficient 
and effective use of the many imaging modalities available. Program 
director: D. S. Feigin. Faculty: W. L. Ashburn, D. K. Edwards Ill, D. 
S. Feigin, P. J. Friedman, L. K. Olson, and Eric vanSonnenberg. 
Category 1 credit: 22 hr. Fee: physicians, $400; physicians in training 
and technologists, $275. Information: Dawne Ryals, Ryals & Associ- 
ates, P. O. Box 920113, Norcross, GA 30092-0113; (404) 641-9773. 


Armed Forces Institute of Pathology Courses 


The Armed Forces Institute of Pathology, the American College of 
Radiology, and the American Registry of Pathology are sponsoring 
the 3rd annual AFIP Neuroradiology Review Course to be held Jan. 
23-24, 1988, at the Hyatt Regency Bethesda, Bethesda, MD. It will 
precede the annual AFIP Neuropathology Course, which will begin 
Jan. 25, 1988, at the Hyatt Regency Bethesda. The subject of the 
review course is basic concepts in neuroradiology, with an emphasis 
on pathologic correlation and pathophysiology. The course is ac- 
credited by the Joint Committee on Education of the American 
Association of Neurological Surgeons and Congress of Neurological 
Surgeons. Course directors: J. G. Smirniotopoulos and F. M. Murphy. 
Faculty: C. R. Fitz, F. M. Murphy, Dieter Schellinger, J. G. Smirnioto- 
poulos, and R. A. Zimmerman. Information: Mrs. Cunningham, Amer- 
ican Registry of Pathology, Armed Forces Institute of Pathology, 
Washington, DC 20306-6000; (202) 576-0413. 


Los Angeles Radiological Society Midwinter 
Conference 


The Continuing Education Committee of the Los Angeles Radio- 
logical Society will sponsor the 40th Annual Midwinter Radiological 
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Conference, Jan. 29-31, 1988, at the Century Plaza Hotel, Los 
Angeles. The meeting will include formal lectures, roundtable discus- 
sions, and workshops. Areas to be covered include neuroradiology, 
MR imaging, mammography, CT, ultrasound, nuclear medicine, head 
and neck radiology, uroradiology, chest radiology, and a special focus 
on AIDS. Category 1 credit: 21 hr. Fees: 2-day participation: LARS 
members, $250; non-LARS members, $300; residents and technol- 
ogists, $50 (letter required); 3-day participation: LARS members, 
$300; non-LARS members, $350; residents and technologists, $50 
(letter required). Information: Los Angeles Radiological Society— 
MWRC, P. O. Box 91215, Los Angeles, CA 90009-1215; (213) 642- 
0921. 


Neuroimaging Update, 1988 


The Muhlenberg Regional Medical Center, Plainfield, NJ, is spon- 
soring the 4th annual Neuroimaging Update, 1988, at the Paradise 
Island Resort and Casino, Paradise Island, Bahamas, Jan. 31-Feb. 
5, 1988. The conference is designed for radiologists, neurologists, 
neurosurgeons, and other physicians with an interest in neuroimaging 
diagnostic techniques. The emphasis will be on MR. Course director: 
S. H. Lee. Guest faculty: H. I. Goldberg, R. Burns, S. Hilal, and R. 
Quencer. Category 1 credit: 20 hr. Fee: $475. Information: S. H. Lee, 
M.D., Dept. of Radiology, Muhlenberg Regional Medical Center, Park 
Ave. and Randolph Rd., Plainfield, NJ 07061; (201) 668-2180. 


Los Angeles Radiological Society Post Conference 
Seminar 


The Continuing Education Committee of the Los Angeles Radio- 
logical Society will sponsor the 14th annual Post Conference Seminar, 
Feb. 2-6, 1988, at the Westin Maui, Kaanapali, Maui, HI. The seminar 
which is scheduled to follow the 40th Annual Midwinter Radiological 
Conference in Los Angeles, will feature five nationally recognized 
experts in diagnostic radiology and will use a didactic lecture format. 
Speakers: P. O. Alderson, Michael Federle, R. N. Bryan, Benjamin 
Felson, and Fernando Vinuela. Category 1 credit: 18 hr. Fee: physi- 
cians, $375; residents, $100 (letter required). Information: Los An- 
geles Radiological Society—MWRC, P. O. Box 91215, Los Angeles, 
CA 90009-1215; (213) 642-0921. 


Intermountain Imaging Conference 


The Medical College of Wisconsin is sponsoring the 9th annual 
Intermountain Imaging Conference, Feb. 6-13, 1988, at Steamboat 
Springs, CO. The program is designed to appeal to physicians 
interested in the application of digital imaging to clinical problems. 
Lecture and seminar sessions will explore the use of computer-based 
imaging systems in problem solving and their relationship to other 
conventional diagnostic modalities. Special sessions will cover vas- 
cular imaging, imaging of the head and neck, and imaging in obstetrics 
and gynecology. Faculty: W. D. Foley, A. B. Kurtz, F. C. Laing, T. L. 
Lawson, Alec Megibow, E. T. Stewart, R. P. Schwenker, Marilyn 
Thiet, M. A. Weinstein, and A. L. Williams. Category 1 credit: 33 hr. 
Fee: $450. Information: T. L. Lawson, M.D., 6420 N. Lake Dr., 
Milwaukee, WI 53217; (414) 257-6024 or (414) 257-7201. 


Vascular Imaging and Interventional Radiology at 
Snowbird 


The Dept. of Radiology, University of Utah, School of Medicine, is 
sponsoring Vascular Imaging and Interventional Radiology, to be held 
at Snowbird, UT, Feb. 7-12, 1988. Category 1 credit: 21 hr. Fee: 
$395. Information: Judy Gallegos, CME Coordinator, Dept. of Ra- 
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diology, University of Utah, School of Medicine, 1A71 Medical Center, 
Salt Lake City, UT 84132; (801) 581-7553. 


Uroradiology Course 


The Armed Forces Institute of Pathology, the American Registry 
of Pathology, and the American College of Radiology are sponsoring 
the 6th annual Uroradiology Course, Feb. 10-11, 1988, at the Holiday 
Inn of Bethesda, Bethesda, MD. The purpose of the course is to 
teach basic genitourinary radiology to urologists and urology resi- 
dents. Faculty: E. S. Amis, Jr., J. L. Buck, P. I. Choyke, A. J. Davidson, 
S. M. Goldman, and D. S. Hartman. Information: D. S. Hartman, M.D., 
Chief, Radiology Service, Naval Medical Command, National Capital 
Region, Bethesda, MD 20814; (301) 295-5051; or A. J. Davidson, 
M.D., Dept. of Radiologic Pathology, Armed Forces Institute of Pa- 
thology, Washington, DC 20306-6000; (202) 576-2668. 


Sun Valley Imaging 


The 4th annual Sun Valley Imaging meeting will be held Feb. 13- 
20, 1988, in Sun Valley, ID. The meeting will include reviews and 
discussions of the latest developments in ultrasound, CT, MR, and 
interventional radiology. Faculty: P. L. Cooperberg, E. A. Lyons, D. 
E. Newman, M. D. Rifkin, David Stark, and Eric vanSonnenberg. 
Category 1 credit: 20 hr. Fee: $450. Information: Sun Valley Imaging, 
665-810 W. Broadway, Vancouver, BC, Canada V5Z 4C9; (604) 921- 
7900. 


Computed Body Tomography 1988—The Cutting 
Edge 


The Johns Hopkins University School of Medicine is sponsoring 
Computed Body Tomography 1988—The Cutting Edge, Feb. 18- 
21, 1988, at the Peabody-Orlando Hotel, Orlando, FL. The seminar 
will provide a comprehensive review of recent advances in CT of the 
chest and abdomen, including the spine, with some correlation with 
MR imaging. A series of 30-min lectures will concentrate on specific 
topics. One-hour workshops will be focused on problem-oriented 
topics, with emphasis on technique and differential diagnosis. Pro- 
gram directors: E. K. Fishman and S. S. Siegelman. Category 1 credit: 
22 hr. Fee: physicians, $400; residents and technologists, $250 (letter 
required). Information: Program Coordinator, The Johns Hopkins 
Medical Institutions, Office of Continuing Education, Turner 22, 720 
Rutland Ave., Baltimore, MD 21205; (301‘ 955-5880. 


Comprehensive Update: Neuroradiology, Body 
Imaging, and Mammography 


The Dept. of Radiology and the Office of Continuing Education, 
State University of New York, Health Science Center at Syracuse, 
are sponsoring the 7th annual Comprehensive Update: Neuroradiol- 
ogy, Body Imaging, and Mammography, Feb. 22-27, 1988, at the 
Acapulco Princess Hotel, Acapulco, Mexico. The course has been 
designed to provide radiologists and other interested physicians with 
a practical, comprehensive, and rational approach to state-of-the-art 
radiologic imaging. The course consists of two parts: (1) neuroradiol- 
ogy and (2) body imaging and mammography. Participants may 
register for either part alone or for the complete course. Program 
directors: E. D. Cacayorin and D. M. Panicek. Category 1 credit: 30 
hr. Fees: Neuroradiology, $300; Body Imaging and Mammography, 
$300; Neuroradiology, Body Imaging and Mammography, $575. In- 
formation: Office of Continuing Education, SUNY Health Science 
Center at Syracuse, 750 E. Adams St., Syracuse, NY 13210; (315) 
473-4606. 
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Vascular Imaging and Interventional Radiology at 
Park City 


The Deat. of Radiology, University of Utah, School of Medicine, is 
sponsoring a course on vascular imaging and interventional radiology 
to be hele Feb. 28-March 4, 1988, at the Shadow Ridge Resort in 
Park City, JT. Category 1 credit: 21 hr. Fee: $395. Information: Judy 
Gallegos, SME Coordinator, Dept. of Radiology, University of Utah, 
School of Medicine, 1A71 Medical Center, Salt Lake City, UT 84132; 
(801) 581-7553. 


Nationa Conference on Breast Cancer 


The American College of Radiology will sponsor the 23rd National 
Conference on Breast Cancer, Feb. 29-March 4, 1988, at the Century 
Plaza Hotel, Los Angeles. Cosponsors are the American Cancer 
Society, tr= American Society for Therapeutic Radiology and Oncol- 
ogy, and me College of American Pathologists. Faculty will cover 
topics of importance to family practitioners, surgeons, obstetricians 
and gynecologists, pathologists, and medical and radiation oncolo- 
gists. The format will include workshops, panel discussions, other 
group gatherings, and two new features, Radiology Cases of the Day 
and Radiology Consult. Highlights will include the 12th Wendell G. 
Scott Mensorial Lecture, to be presented by Myron Moskowitz; A 
Woman's forum on Breast Cancer, for the lay public; and recognition 
of Arthur Holleb, Senior Vice-President for Medical Affairs of the 
American Cancer Society, for his outstanding contributions to the 
developments in detection, control, and treatment of breast cancer. 
The course has been approved by the ACR, the AAFP, and the 
ACOG for continuing education credits. Fee: physicians, $600; resi- 
dents and technologists, $550. Information: American College of 
Radiology, 1703) 648-8900, ext. 315. 


The Lyon Conference: Computer Science and Life 


The Assaciation Les Entretiens de Lyon and Visomed 88, with the 
cooperation of the Society of Electricians and Electronics Specialists, 
the Collegeof Radiology Teachers in France, and the French Society 
of Biophysics and Nuclear Medicine, will present the 1st international 
Lyon Conference on Medical Imaging and Expert Systems Applied 
to Medicine, March 10-12, 1988, at the Ecole Normale Supérieure 
de Lyon, Lyon, France. Topics will include image banks, databases 
and imageemanagement, medical imaging networks, image treatment 
and quantification, synthesis of medical images, expert systems in 
medicine, and artificial intelligence. Official languages: English and 
French. Meeting chairman: Guy Aubert. Fee: $660. Information: Pack- 
age, Les Entretiens de Lyon, 55, Montee de Choulans, 69323 Lyon 
Cedex 05;1033) 78.42.29.53. 


Ultrasound at Vail 


The 9th annual Ultrasound at Vail meeting will be held March 19- 
25, 1988, im Vail, CO. The meeting will include reviews and discus- 
sions of the latest developments in diagnostic ultrasound. Faculty: 
Peter Callem, P. L. Cooperberg, E. A. Lyons, M. L. Manco-Johnson, 
and Peter Mueller. Category 1 credit: 20 hr. Fee: $450. Information: 
Ultrasound at Vail, 665-810 W. Broadway, Vancouver, BC, Canada 
V5Z 4C9; (804) 921-7900. 


Society af Cardiovascular & Interventional 
Radiology Meeting 


The Society of Cardiovascular & Interventional Radiology will offer 
its 13th anrual meeting, Diagnostic Angiography and Interventional 
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Radiology, at the Hyatt Regency Grand Cypress, Orlando, FL, March 
21-24, 1988. Fee: physicians, $395; fellows, residents, nurses, and 
radiologic technologists, $250. Information: Society of Cardiovascular 
& Interventional Radiology, 13th Annual Meeting, P. O. Box 44113, 
Pittsburgh. PA 15205; (412) 921-2636. 


International London Course in Whole Body 
Computed Tomography 


The International London Course in Whole Body Computed To- 
mography will be held March 27-31, 1988, at the Gleneagles Hotel, 
Perthshire, Scotland. The course is designed for radiologists and 
senior radiographers. It consists of lectures and tutorials that cover 
the major aspects of body CT, but it also incorporates other methods 
of imaging where appropriate. Course director: J. E. Husband. Fee: 
overseas registrants, £535 sterling. Information: Janice O'Donnell, 
Organising Secretary, Royal Marsden Hospital, Downs Rd., Sutton, 
Surrey SM2 5PT, United Kingdom; 01-642 6011, ext. 496. 


Imaging the Central Nervous System 


The Dept. of Radiology, Medical College of Wisconsin, will present 
Imaging the Central Nervous System, April 25-29, 1988, at the 
Sheraton El Conquistador resort in Tucson, AZ. The course will 
review Clinical and scientific themes related to neurologic imaging. 
Lectures, workshops, and panel discussions will cover MR, CT, 
ultrasound, myelography, and angiography. Program chairmen: Victor 
Haughton, Thomas Nadich, and Joachim Seeger. Faculty: Alan Wil- 
liams, David Daniels, Leo Czervionke, Leighton Mark, William Bradley, 
and Dieter Enzmann. Category 1 credit: 30 hr. Fee: before Feb. 20, 
1988, $425: after Feb. 20, $475. Information: Marti Carter; Continuing 
Medical Education, 11011 W. North Ave., Milwaukee, WI 53226; 
(414) 771-9520. 


Canadian Association of Radiologists 


The Canadian Association of Radiologists elected the following 
officers at their 1987 annual meeting in Ottawa, June 17: president, 
W. M. Little; past president, D. B. Fraser; president-elect, W. J. 
Knickerbocker; vice-president oncology, D. G. McGowan; honorary 
secretary treasurer, R. G. Dussault; chairman of council, C. J. Zylak; 
commissioner on administration, D. E. Newman; commissioner on 
education and science, Guy Hebert; commissioner on economics and 
medical services, D. G. Gray; chairman of councillors, P. C. Uhrich; 
executive director, Alva Ekstrand-Pentecost. 

The 51st annual meeting will be held at the Convention Centre and 
Westin Hotel, Edmonton, June 12-16, 1988. 


International Workshop for the Study of Vascular 
Anomalies 


The 7th International Workshop for the Study of Vascular Anom- 
alies will be held June 20-22, 1988, in Hamburg, Germany. The 
organizers are soliciting papers devoted to hemangiomas of infancy 
and vascular malformations (embryology, biology, angiography, and 
therapy). Chairman: D. A. Loose. Information: J. B. Mulliken, M.D., 
The Children's Hospital, 300 Longwood Ave., Boston, MA 02115; 
(617) 735-7686; or D. A. Loose, Jurgensallee 46-48, 2000 Hamburg 
52, Germany. 


Bowman Gray Abdominal Radiology Fellowship 


Bowman Gray School of Medicine has announced the establish- 
ment of a fellowship in abdominal radiology. The fellowship, which 
will begin July 1, 1988, is to provide advanced training in the major 
aspects of abdominal radiology and imaging. The program is intended 
to prepare physicians with an interest in abdominal imaging for an 
academic career or for practice with a large subspecialized private 
group. The 1-year fellowship includes training and experience in 
gastrointestinal and genitourinary radiology, CT scanning, abdominal 
ultrasound, MR, and abdominal interventional procedures. Participa- 
tion in ongoing programs of research and publication will be encour- 
aged. Applicants must be Board Eligible and have strong recommen- 
dations. Applications should include a curriculum vitae and a letter of 
support from the applicant's program director. An interview is re- 
quired. Information: D. W. Gelfand, M.D., Dept. of Radiology, Bow- 
man Gray School of Medicine, 300 S. Hawthorne Rd., Winston- 
Salem, NC 27104. 


The American Board of Radiology Examinations 


Written examinations for the American Board of Radiology are 
scheduled for Oct. 6-7, 1988, and Oct. 5-6, 1989. Oral examinations 
will be held at the Executive West Hotel in Louisville, KY, on May 
23-27, 1988, and June 5-9, 1989. The ABR will accept applications 
for admission to the examinations after July 1, but no later than Sept. 
30, in the year preceding the year in which the examination is to be 
taken. For application forms and further information: Office of the 
Secretary, The American Board of Radiology, 300 Park, Ste. 440, 
Birmingham, MI 48009. 


Meeting and Course Review 


For the reader’s convenience, a summary of upcoming meetings 
and courses is provided. Detailed listings are given in the AJR issue 
given in parentheses. 


Fellowships in Imaging and Interventional Radiology for Physi- 
cians, 1987-1988, times arranged, San Diego, CA (Aug) 

Visiting Fellowships in MR Imaging, times arranged, San Diego, CA 
(Aug) 

Diagnostic Radiology Update, Oct. 30-Nov. 1, Dallas, TX (Oct) 
Mammography Courses, Nov. 2-5, Boston, MA (Jan) 

Abdominal Imaging Techniques, Nov. 2-6, Dallas, TX (Oct) 
Advanced Applied Ultrasound in Obstetrics, Nov. 5-7, Naples, FL 
(Aug) 

Obstetric and Gynecologic Imaging Techniques, Nov. 9-13, Dallas, 
TX (Oct) 

International Congress of Oral Cancer and Jaw Tumors, Nov. 9- 
14, Singapore (Sept) 

Recent Advances in the Systemic Therapy of Genitourinary Ma- 
lignancies, Nov 11-14, Houston, TX (July) 

Temporomandibular Joint Conference, Nov. 12-14, Philadelphia, 
PA (July) 

Progress in Impotence: Workshops/Seminars, Nov. 12-14, San 


Diego, CA (Aug) 

Bone and Joint Disorders, Nov 13-15, Scottsdale, AZ (Oct) 

The Johns Hopkins Medical Institutions Courses in Abdominal 
and Obstetric Ultrasound: Basic Practicum, Nov 16-20; Advanced 
Practicum in Ultrasound, Dec. 7-11, Baltimore, MD (Feb) 

Carotid Duplex Technology, Nov. 18-20, Nashville, TN (Oct) 
Lower/Upper Extremity Applications of Duplex Technology, Nov. 
21-22, Nashville, TN (Oct) 

Cardiac 2-D/M-Mode Imaging, Nov. 30-Dec. 4, Dallas, TX (Oct) 
Interventional Neuroradiology, Dec. 7-9, Baltimore, MD (Sept) 
Noninvasive Vascular Diagnosis by Doppler Ultrasound, Dec. 7- 
11, Washington, DC, area (Oct) 

3-D Imaging in Medicine, Dec. 10-12, Philadelphia, PA (Sept) 
Quantitative Thallium Myocardial Tomography, Dec. 14 and 15, 
Atlanta, GA (Sept) 

Computed Tomography Head to Toe, Dec. 14-19, New York (Aug) 
IARC Fellowships for Research Training in Cancer, 1988-1989, 
application deadline, Dec. 31 (Oct) 

IARC Visiting Scientist Award, 1988-1989, application deadline, 
Dec. 31 (Oct) 

Congress of the Indian Radiological and Imaging Association, 
Jan. 14-16, 1988, Coimbatore, India (June) 

The Society of Gastrointestinal Radiologists Meeting and Post- 
graduate Course, Jan. 16-20, 1988, Nassau, Bahamas (July) 
Duplex Imaging, Jan. 21-23, 1988, San Diego, CA (Oct) 
Uroradiology ’88, Feb. 1-4, 1988, Orlando, FL (Oct) 

Breast Imaging 1988, Feb. 1-5, 1988, St. Thomas, U. S. Virgin 
Islands (Sept) 

International Congress on interventional Radiology in Cardio- 
Vascular Diseases, Feb. 3-5, 1988, Toulouse, France (Sept) 

12th Annual Big Sky Radiology Conference, Feb. 7-12, 1988, 
Great Falls, MT (Sept) 

Diagnostic Radiology and Nuclear Medicine, Feb. 14-21, 1988, St. 
Thomas, U. S. Virgin Islands (Oct) 

Palm Beach Magnetic Resonance Imaging Update, Feb. 15-17, 
1988, West Palm Beach, FL (Sept) 

Radiology in Seville, Feb. 20-27, 1988, Seville, Spain (Oct) 
International Conference on Intracavitary Chemotherapy, Feb. 25- 
27, 1988, San Diego, CA (Oct) 

Masters Diagnostic Radiology Conference, March 6-11, 1988, 
Maui, HI (Oct) 

Diagnostic Imaging Down Under, March 12-27, 1988, Auckland, 
New Zealand; Sydney and Melbourne, Australia (Oct) 

Pediatric Radiology 1988, March 17-19, 1988, Philadelphia, PA 
(Sept) 

The Society of Thoracic Radiology—Annual Postgraduate 
Course, March 27-31, 1988, Washington, DC (July) 

Spanish Radiology Seminar, April 3-8, 1988, Miami Beach, FL (Oct) 
International Symposium of the Planning of Radiological Depart- 
ments, April 20-23, 1988, Florence, Italy (Sept) 

Practical Interventional Radiology— 1988, April 25-28, 1988, Bos- 
ton, MA (Oct) 

European Congress of NMR in Medicine and Biology, June 23- 
25, 1988, Berlin, Germany (Oct) 

International Symposium on Magnetic Resonance Imaging, Dec. 
14-16, 1988, New Delhi, India (Oct) 
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American Roentgen Ray Society 88th Annual Meeting 
May 8-13, 1988, San Francisco, CA 


San Francisco Hilton Hotel 


Registration and Hotel Reservations 


Forms for advance registration and hotel reservations will be in the 
February amd March 1988 issues of the AJA. 


Refresher Course Program 


A summary of the refresher courses will appear in the AJA in 
February along with advance registration forms. Early registration is 
an advantage in assuring preferred courses in this popular program. 
J. T. Ferrucci, Jr., is program director. 


Local Procram 


A program of sight-seeing, shopping, and entertainment will be 
developed by George Janetos, the Local Arrangements Chairman. 
Information and advance registration forms will be in the February 
issue of the AJR. 


Residents Award Papers 


The society offers several cash awards for the best scientific 
papers prepared by residents in radiology. The President’s Award 
has a $1000 prize. There are two Executive Council Awards of $500 


each. All are presented at the annual meeting. Papers should be 

submitted by January 31, 1988, for consideration in this competition. 
Send entries to: 

B. G. Brogdon, M.D. 

Dept. of Radiology 

University of South Alabama Medical Center 

2451 Fillingim St. 

Mobile, AL 36617 


Associated Society Meetings 


Society for Pediatric Radiology 

The Society for Pediatric Radiology will hold its 31st annual meeting 
April 27-May 1, 1988, at the Hotel Del Coronado, Coronado, CA 
(San Diego, CA). The SPR 1989 annual meeting will be April 5-9, 
1989, at The Four Seasons Hotel, San Antonio, TX. For details, 
contact Donald R. Kirks, M.D., Secretary, Society for Pediatric Ra- 
diology, c/o Dept. of Radiology, Childrens Hospital Medical Center, 
Elland and Bethesda Aves., Cincinnati, OH 45229-2899, (513) 559- 
8058. 


Deadlines 


Residents’ award papers: January 31, 1988 
Membership applications: February 1, 1988 
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Invitation to Membership in the American Roentgen Ray 


Society 


During the American Roentgen Ray Society’s (ARRS) 1985 
meeting in Boston, society members approved several 
fundamental changes in the membership application process 
and created a new category of membership: members-in- 
training. Also, active members are no longer required to 
document contributions to radiology by way of teaching or 
scientific publications. 


Active Membership 


Candidates for active membership must be graduates of 
an approved medical school or hold an advanced degree in 
one of the physical, chemical, or biological sciences. Each 
must be board certified and active in the practice of radiology 
or one of its branches in the United States or Canada. 
Applicants must be endorsed by two members of the ARRS, 
not necessarily residents of the same community. 


Members-in-Training 


The new members-in-training membership category is re- 
served for physicians in a radiology residency or a postresi- 
dency program approved by the Radiology Residency Review 
Committee of the American Council of Graduate Education 
and for postgraduate students in allied sciences. The status 
is limited to 5 years, starting with the entrance date into the 
radiology residency. In the fifth year, members-in-training are 
eligible for transfer to active membership. 


Corresponding Members 


Corresponding members shall be physicians and/or scien- 
tists residing in foreign countries who are active in the science 
of radiology or allied sciences and who are in good ethical 
standing in the respective countries. They shall pay dues, but 


shall not have the privilege of voting nor of holding elective 
office. They may be members of special committees. 


Dues and Initiation Fees 


A new schedule of fees and dues has been established. 
Initiation fee for active members is $50. There is no initiation 
fee for members-in-training. Annual dues for active and cor- 
responding members are $125, payable on July 1 of each 
year. The dues payment includes a 1-year subscription to the 
American Journal of Roentgenology (AJR) and waiver of the 
annual meeting registration fee. Dues for members-in-training 
are $25 and include a year’s subscription to the AJR and 
waiver of meeting fees. AJR subscription rates for domestic 
nonmembers will be $90 for 1987. The resident subscription 
rate will remain $25 for residents who do not elect to become 
members-in-training. Nonmember residents will have a $25 
meeting registration fee. 

A membership application form is in this issue of the journal. 
Applications for active membership should be received by 
February 1 for action during the annual meeting in May. 
Members-in-training will be eligible for membership upon re- 
ceipt and processing of the completed application form. 

Initiation fees and dues should not accompany the appli- 
cation but are payable after election upon notice by the 
treasurer. 

The American Roentgen Ray Society continues to be a vital 
force in providing an educational forum for the radiologic 
community. As it embarks on a program of a broader base of 
membership, we cordially welcome all those who are eligible. 
Thus, | urge you to complete the application and forward it to 
Paul Fullagar, Administrative Director, ARRS, 1891 Preston 
White Dr., Reston, VA 22091 

Glen W. Hartman 
Secretary 


American Roentgen Ray Society Membership Application 















































Date Category (check one) O Active 

O Corresponding 

O In-Training 
Name (in full) Age 
Address & zip code —— >= Date of Birth 

Birthplace 

Education Institution Years Degree/Type 
Undergraduate: 











Graduate (medical school, graduate school, etc.): 

















Postgraduate finternship, residency, fellowship, etc.): 


























Licensed to practice : in 
(type) (state, province, etc.) 








Active and cowesponding membership applicants, complete this section. In-training applicants, turn to reverse side. 





Practice limitec to radiology or one of its branches for years, since (date) 


Present appoirzments: Academic 

















Hospitals — 











Membership in scientific societies 




















Offices or committee memberships in scientific societies 

















Government service (military, civilian) 


Credentials 





| hereby certify that | was issued a certificate of qualification in _ 





by 
(The American Board of Radiology, the Royal College of Canada, or some other medical specialty organization) 
continued overleaf 


Oiher credentials a a a a al a cr ta at cepa ane iG area per ea camer 


SIM ACUI Bie 8 thee arene ee eee 


We, active members in good standing of the American Roentgen Ray Society and personally acquainted with the applicant, do recommend him/ 
her for Active Membership in the society. Two references are required. 


Name (print/type) aa et ee Peo ree ee ry see eee Ba oes ER leat teste nee ee le oil 





Address ET ee EE a RNR ee Ree a eB vets Bares. deen eee edocs ae ete cee ee Mien Bae oe once 





Signature se Eee a a a a ee EEE aan. a Ra ts 


in-training applicants must complete this section 


Credentials 

| certify that | am serving as a resident/fellow in enn 

| So eee ae eee eS Cea a aR an ee Ree ne eee SN Ue ee Sen ee SE — Date program begins (began) is namme 
(institution) 


SiS a et E E E ts A ee alee eee {tends | understand the in-training 
membership is limited to 5 years and in my 5th year | may transfer to active membership. 





Signed 


mamana i Aaaa aain aanne Aata aatetta anaana naira Ry m aannamen 


Program director or department chairman (name and address) -u 


Training director’s certification. 


| certify the applicant is a trainee at the institution named and qualifies for enrollment as a member-in-training of the American Roentgen Ray 
Society. ERNE ce a wc © UIA an a ee 


PN ac Nas i a Bes ha a aD a lh ea 


General Information 
Candidates for Active Membership 


1. An active member must be a graduate of an approved medical school or hold an advanced degree in one of the physical, chemical, or biological sciences and be 
certified by the American Board of Radiology, the Royal College of Physicians of Canada, or document training and credentials that are adequate to qualify for 
membership. Active members shall actively practice radiology or one of its branches in the United States or Canada. Such members are eligible to participate in 
all activities of the society, including membership on committees, and have full voting privileges. 

2. Application must be on an official form, signed by the applicant and at least two active members of the American Roentgen Ray Society, in good standing, who 
endorse the applicant. 

3. Initiation fee is $50. 

4. Annual dues are $125, payable on July 1 of each year. Of this amount, $50 is for a 1-year subscription to the American Journal of Roentgenology, beginning with 
the July issue for the year following election to membership. 

5. Application must be received by February 1 for action during the 1988 meeting. 


Candidates for In-Training Membership 


1. In-training members must be serving in a radiology residency or a postresidency fellowship program approved by the Radiology Residency Review Committee of 
the American Council of Graduate Medica! Education or be a postgraduate student in an allied science. Training status must be verified by the program director. 
in-training members have special consideration in fees and subscription rates to the society journal. Such members cannot hold society offices or vote. 

_ Application must be on an official form and signed by the applicant and by the applicant's training or residency program director. 

_ In-training status is limited to 5 years starting with the entrance date into the radiology residency. In the fifth year, each in-training member will receive an 
application for transfer to active membership from the society secretary. Those who do not apply for transfer to active membership shail be dropped from 
membership at the end of the fifth year. 

4. There is no initiation fee. Annual dues are $25. Membership includes a subscription to the American Journal of Roentgenology and admission to the annual 

meeting without registration fees. 

5. Membership applications will be acted on when received. 


Go RO 


All Applicants 


1. Do not remit initiation fee or dues until requested by the treasurer. 
2. Send completed forms to: Paul Fullagar 

Administrative Director 

American Roentgen Ray Society 

1891 Preston White Dr. 

Reston, VA 22091 


Classified Advertisements 


Positions Available 


ISRAEL, DIAGNOSTIC RADIOLOGY. Opportun- 
ities for 3-4 week or longer working.vacations in 
a number of Israeli medical centers, on a volun- 
teer basis. Positions varied, arrangements flexi- 
ble. For information contact: Jonatan H. Fish, 
M.D., 1844 San Miguel Dr., #302, Walnut Creek, 
CA 94596; (415) 947-0560. 8xa 


A REPUTED AND DIVERSIFIED ORGANIZA- 
TION IN INDIA, with their business associates in 
the USA, is planning to set up a large diagnostic 
and outpatient treatment center in New Delhi. To 
asociate with this project from the initial stage, 
they would like 1 young, fully-trained radiologist 
with background in nuclear medicine, who is in- 
terested in settling in India and joinimg the treat- 
ment center in New Delhi when ready. Please 
respond to Box A32, AJR (see address this sec- 
tion). 11a 


DIAGNOSTIC RADIOLOGIST—Excellent oppor- 
tunity for a board-eligible or board-certified 
radiologist to join a 9-member greup in New 
Orleans, LA. The candidate must have training 
and an interest in all areas of diagnostic radiology. 
Experience in MRI required. Please submit CV 
to Harold R. Neitzschman, M.D., 4400 General 
Meyer Ave., Ste. 211, New Orleans. LA 70131: 
(504) 368-5074. 11-1ap 


DIAGNOSTIC RADIOLOGIST—Boara-certified 
radiologist is needed for hospital-based practice 
in Mammoth Lakes, CA. Must have demonstrated 
experience in fluoroscopy, CT, and ultrasound. 
Current California license is required. For further 
information please call John Seto, M.D., or Gerald 
Grossman, M.D., at (213) 673-4660, ext. 7540. 
11ap 


DIAGNOSTIC RADIOLOGIST—Position available 
for board-certified/eligible general radiologist with 
experience in ultrasound, CT, nuclear medicine, 
and mammography for 120-bed community hospi- 
tal located in pleasant Pocono regien of north- 
east PA. Send CV to G. Ceron, M.D., Dept. of 
Radiology, Wayne County Memorial Hospital, 
Honesdale, PA 18431. 11ap 


FORT MORGAN, NORTHEAST COLORADO 
COMMUNITY serving 25,000, seeks BC 
radiologist for hospital-based solo practice. 
Nuclear medicine, ultrasound, mammography, 
and angiography. Generous practice assistance. 
Contact PROSEARCH, 305 NE 102nd Ave., Port- 
land, OR 97220; (503) 256-2070. 11-2a 


BC/BE DIAGNOSTIC RADIOLOGIST—Immedi- 
ate opportunity to work with group covering 
hospital, private practice, and HMO. All modalities 
present. Southeast Florida location. Florida 
license necessary. J. Schneider, M.D., 1131 No. 
35th Ave., Hollywood, FL 33021. 11ap. 


INTERVENTIONAL RADIOLOGIST—Position 
available at the University of Rochester Medical 
Center Strong Memorial Hospital, a 750-bed ter- 
tiary care facility. An appointment as assistant pro- 
fessor or higher is available at a level appropriate 
to experience. One-yr fellowship training or 
equivalent experience is required. Research and 
teaching opportunities are available in a strong 
academic dept. with state-of-the-art equipment. 
Send letters of inquiry to Robert E. O’Mara, M.D., 
Acting Chairman, Diagnostic Radiology, Box 648, 
University of Rochester Medical Center, 
Rochester, NY 14642. EO/AA/M-F employer. 
11-1a 


LARGE (28 RADIOLOGISTS), GROWING, 
WELL-DIVERSIFIED GROUP IN COLUMBUS, 
OH seeks an additional radiologist, well-trained 
in general diagnostic radiology, with: additional 
training in nuclear medicine. Position leads to full 
partnership without buy-in expense. Send CV to 
Patrick Cain, M.D., 4040 Longhill Rd., Columbus, 
OH 43220. 11-1a 


RADIATION ONCOLOGIST to develop Radiation 
Oncology Service to meet dynamic and growing 
Oncology program at private hospital, closely 
associated with Oklahoma teaching hospitals. 
Possible radiation oncologist resident's training 
program. Research includes SWOG, NSABP. 
Must be board certified. Reply John Johnson, 
Assistant Administrator, HCA Presbyterian 
Hospital, N.E. 13th at Lincoln Blvd., Oklahoma 
City, OK 73104. 11a 


BC/BE DIAGNOSTIC RADIOLOGIST to join 
university-affiliated dept. Experience or fellowship 
in angiography or neuroradiology desired but will 
consider other candidates. Dept. includes full 
range of services including state-of-the-art Dop- 
pler duplex sonography, CT, and angiography 
suite. For information contact Philip D. Gottlieb, 
M.D., Chief, Radiology Service, Veterans Admin- 
istration Medical Center, 113 Holland Ave., Albany, 
NY 12208; (518) 462-3311. 11a 


IMMEDIATE OPENING FOR B/C RADIOLOGIST 
with extensive training and experience in nuclear 
medicine (ABNM preferred) to join a progressive 
university-affiliated, community teaching hospital- 
based 4-man group in north Philadelphia. The 
candidate will have complete responsibility over 
the Nuclear Medicine Section and can expect to 
spend equal time in the pursuit of radiologic ex- 
cellence. Experience in mammography, ultra- 
sound, and CT/MRI would be beneficial. 
Negotiable salary and excellent benefits package 
with early partnership available. Please send CV 
to Howard Lewis, M.D., Dept. of Radiology, 
Episcopal Hospital, Philadelphia, PA 19125. 11a 


GENERAL RADIOLOGIST—Progressive 15- 
member group needs additional radiologist for 
hospital and office-based practice that serves part 
of a southwestern community with approximately 
one-half million population. Position requires 
board certification. Training and/or experience in 
mammography, CT, ultrasound, and nuclear 
medicine is also needed. Contact Tulsa Radiology 
Associates, Inc., PO. Box 4939, Tulsa, OK 74159. 
11-1a 


RADIOLOGISTS—University of California, San 
Francisco-Fresno campus, seeks 4 diagnostic 
radiologists for Valley Medical Center of Fresno. 
The positions are general radiologist, radiologist 
with special interest in CT and ultrasound, and 
neuroradiologist with special interest in nuclear 
medicine. Applicants must be either board cer- 
tified or eligible by the ACR. Valley Medical Center 
is a 417-bed, acute care hospital with University- 
affiliated residency and medical-student training 
Programs in all major specialities, including 
radiology. Applicants should be interested in par- 
ticipating in an active residency program. Fresno 
Offers enjoyable and affordable living in central 
California. Please address inquiries and CV to 
Malcolm F. Anderson, M.D., Chairman, Search 
Committee, CCFMG, 2212 N. Winery, #130, 
Fresno, CA 93703; (209) 228-5317 or (209) 
453-5058. Equal opportunity employer. 11-12a 


FULL-TIME JUNIOR FACULTY POSITION IN 
NEURORADIOLOGY SECTION for person with 
primary interest and expertise in surgical (in- 
terventional) neuroradiology, and secondary in- 
terest in general neuroradiology. Must have 
completed 2-yr fellowship in neuroradiology. Posi- 
tion covers both UUMC and VAMC on rotational 
basis with 3 other full-time neuroradiologists. In- 
dividual would become Director of Surgical 
Neuroradiology with specific charge to develop 
in-house and intermountain area outreach pro- 
gram in interventional neuroangiography. Dead- 
line is Dec. 1, 1987. Applications submitted after 
the deadline may be considered if no qualified 
candidates have applied by the deadline. AA/EOE 
employer. Please reply to University of Utah, 
Neuroradiology Section, Salt Lake City, UT 84112. 
11-1a 


FULL-TIME ORTHOPEDIC RADIOLOGIST to join 
an active orthopedic radiology service; expected 
to help optimize clinical-care delivery, assist in 
teaching residents, and help develop a more ac- 
tive orthopedic-interventional and MRI service. 
Entry rank as assistant professor, tenure track. 
Time partitioning of 55% orthopedic radiology, 
20% chest and breast imaging, and 25% 
academic time. Must have completed an or- 
thopedic radiology fellowship or have worked 2 
yr primarily as an orthopedic radiologist. 
American Board of Radiology certification re- 
quired. Deadline is Dec. 1, 1987. Applications sub- 
mitted after the deadline may be considered if no 
qualified candidates have applied by the dead- 
line. AA/EOE employer. Please reply to Univer- 
sity of Utah, Dept. of Radiology, Salt Lake City, 
UT 84112. 11-1a 


GENERAL DIAGNOSTIC RADIOLOGIST AND A 
BODY CT/ULTRASOUND RADIOLOGIST with 
an opportunity to participate in a developing 
world-class MRI facility. The University of Ken- 
tucky Medical Center is seeking ar additional 
staff member who will have virtually full-time 
responsibilities in body cross-sectional radiology. 
Excellent equipment, including 3 fourth- 
generation CT scanners. The position also in- 
cludes a potential for significant participation in 
the clinical and research activities of a superb, 
markedly expanded MRI and spectroscopy facili- 
ty. We are also seeking an additional radiologist 
with duties in conventional diagnostic procedures. 
Both positions have exceptional academic oppor- 
tunities with remuneration far above average for 
University hospitals. For details call (606) 
233-8088 or write (include CV) to H.D. Rosen- 
baum, M.D., Chairman of Diagnostic Radiology, 
University of Kentucky Medical Center, Lexington, 
KY 40536. 11-4a 


THE UNIVERSITY OF MINNESOTA DEPT. OF 
RADIOLOGY has a full-time, probationary, tenure- 
track position available at the rank of Assistant, 
Associate, or Full Professor beginning March 1, 
1988, for a board-certified radiologist with special 
interest and experience in musculoskeletal 
radiology. At the assistant professor level, 
minimum requirements are board certification in 
radiology and a minimum of 1 yr postresidency 
specialty training or experience in radiology. At 
the associate professor level, minimum re- 
quirements are 4 yr postresidency experience, a 
demonstrated record of research, publication, and 
teaching, in addition to the other qualifications 
listed for assistant professor. At the professor 
level, minimum requirements are 6 yr post- 
residency experience, a demonstrably strong 
record of research, publication, and teaching, in 
addition to the other qualifications listed for assis- 
tant professor. Responsibilities will include direct- 
ing all aspects of musculoskeletal imaging, both 
inpatient and outpatient, including related CT and 
MRI procedures, graduate and undergraduate 
medical instruction, and conducting research on 
an inter- and intradepartmental basis Salary is 
negotiable, competitive, and dependent on past 
scholarly productivity and post-M.D. experience. 
Applicants must be licensed or able to obtain 
license to practice medicine in Minnesota before 
appointment date. Applications will be accepted 
through Feb. 28, 1988. Send letters and CV to 
William M. Thompson, M.D., Professor and Chair- 
man, Dept. of Radiology, Box 292 UMHC, Univer- 
sity of Minnesota Hospital, Minneapolis, MN 
55455. The University of Minnesota is an equal 
Opportunity educator and employer and 
specifically invites and encourages applications 
from women and minorities. 11a 


PRIVATE GROUP SEEKS BOARD-CERTIFIED/ 
ELIGIBLE RADIOLOGIST—Excellent salary and 
benefits. Near Chicago. Reply with CV to Box A36, 
AJR (see address this section). 11-14 
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DIAGNOSTIC RADIOLOGIST, university trained, 
to join established group of 4 in a beautiful town 
in northern IL. A 432-bed community hospital with 
major teaching affiliation with University of Illinois 
College of Medicine at Rockford. Growing prac- 
tice, state-of-the-art in all modalities including 
MRI. Fellowship a plus but not essential. Position 
available ASAP. Please send CV to W.J. Marx, 
M.D., PO. Box 4205, Rockford, IL 61110. 11-1a 


THOMAS JEFFERSON UNIVERSITY HOSPI- 
TAL—Iwo academically-oriented staff radiologists 
are sought for positions in a dynamic Dept. of 
Radiology, now in a rebuilding phase. (1) General 
diagnostic radiologist. This individual will cover 
a broad spectrum of diagnostic areas including 
chest, bone, GI, GU, and breast imaging. One or 
more of these areas can be emphasized accord- 
ing to individual interests. (2) Ultrasound 
radiologist. This individual will join one of the 
largest and most active ultrasound divisions in the 
world and will participate in the full range of 
diagnostic and interventional ultrasound studies. 
Some general diagnostic responsibilities also 
may be included. Candidates should be board 
certified or eligible and have interests in clinical 
radiology, teaching, and research. Please send 
CV to Robert Steiner, M.D., Co-Director, General 
Diagnostic Division; Barry Goldberg, M.D., Direc- 
tor, Division of Ultrasound; or David Levin, M.D, 
Chairman, Dept. of Radiology, Thomas Jefferson 
University Hospital, Philadelphia, PA 19107. 
Thomas Jefferson University Hospital is an Equal 
Opportunity/Affirmative Action Employer. 11-2a 


DIAGNOSTIC RADIOLOGIST—|Immediate need 
to join expanding radiology dept. in a central Il- 
linois hospital. New equipment includes ultra- 
sound, CT scanner, mammography, nuclear 
medicine, and MRI. Certification desired. Grow- 
ing economy in a family-oriented community. 
Reply Box A38, AJR (see address this section). 
11a 


CHIEF, DIVISION OF DIAGNOSTIC RADIOL- 
OGY—Applications are invited for a tenure-track, 
full-time faculty position as Chief of the Division 
of Diagnostic Radiology at the University of Col- 
orado Health Sciences Center. This division, the 
largest of 5 within the Dept. of Radiology, consists 
of conventional adult and pediatric diagnostic im- 
aging, interventional radiology, CT, and MRI. The 
division currently consists of 9 full-time faculty, 
covers a total of approximately 24,000 sq. ft., and 
conducts over 70,000 procedures each yr. The 
Dept. of Radiology plans dynamic expansion 
under the leadership of Michael L. Manco- 
Johnson, M.D., recently appointed Chairman. The 
dept. has extensive clinical facilities and educa- 
tional programs, including an accredited resi- 
dency program in radiology, and has recently 
received a generous commitment of resources to 
further enhance the dept. facilities and faculty, in- 
cluding 3 new faculty in the Division of Diagnostic 
Radiology. The dept. seeks a versatile, board- 
certified radiologist with proven clinical, teaching, 
research, interpersonal, and administrative skills. 
Salary will be commensurate with experience and 
education. Candidates interested in this position 
are encouraged to send their CV to Michael L. 
Manco-Johnson, M.D., Professor and Chairman, 
Dept. of Radiology, University of Colorado Health 
Sciences Center, 4200 E. 9th Ave., Box C-277, 
Denver, CO 80262; (303) 394-7719. UCHSC is an 
AA/EOE employer and invites applications from 
all qualified candidates. 11a 


ANGIOGRAPHY/INTERVENTIONAL RADIOLO- 
GIST—Board-certified radiologist with fellowship 
training in angiography/interventional radiology 
for position beginning July 1, 1988. Angiography/ 
Interventional Radiology is an advanced, active 
section with state-of-the-art equipment and em- 
phasis on interventional procedures. 612-bed 
teaching hospital. Radiology group is an academ- 
ically-oriented private practice. Send inquiries to 
Harvey L. Neiman, M.D., Chairman, Dept. of 
Radiology, The Western Pennsylvania Hospital, 
4800 Friendship Ave., Pittsburgh, PA 15224. 11-1a 
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VASCULAR/INTERVENTIONAL RADIOLO- 
GISTS—University hospital offers full-time staff 
position at assistant to associate professor level 
for vascular/interventional radiologist. Vascular 
MRI and research opportunities included. Please 
contact Klemens H. Barth, M.D., Director, Division 
of Vascular/Interventional Radiology, Georgetown 
University Hospital, 3800 Reservoir Rd., NW., 
Washington, DC 20007; (202) 625-2891. Affir- 
mative action/equal opportunity employer. 11-2a 


FIVE NEW FACULTY POSITIONS—The University 
of Colorado Health Sciences Center, Denver, CO, 
announces the appointment of Michael L. Manco- 
Johnson, M.D., as the Chairman of the Dept. of 
Radiology. A generous commitment of resources 
has been pledged to the dept., which plans to 
undergo rapid and dynamic expansion and is 
recruiting for new, full-time academic faculty posi- 
tions in the following areas: general radiology, GU 
radiology, chest radiology, body imaging (i.e., 
ultrasound, CT, and MRI), and MAI (Director). The 
level of faculty appointment will depend on the 
applicant's previous relevant experience. Appli- 
cants should demonstrate devotion to patient 
care, dedication to teaching, and interest in in- 
dependent or collaborative research. Candidates 
interested in working in a stimulating academic 
and exciting clinical environment are encouraged 
to send their CV to Michael L. Manco-Johnson, 
M.D., Professor and Chairman, Dept. of Radi- 
ology, Box C277, University of Colorado Health 
Sciences Center, 4200 E. 9th Ave., Denver, CO 
80262; (303) 394-7719. UCHSC is an AA/EOE 
employer and invites applications from all quali- 
fied candidates. 11a 


RADIOLOGISTS—Due to rapid growth, Andrews, 
Lynch & Field, Radiologists, P.A., has 5 practice 
opportunities available for BC radiologists in- 
terested in group practice, including diagnostic 
radiologists for 2 coastal Maine communities (in- 
dividuals should have broad capabilities including 
ultrasound and mammography), diagnostic radi- 
Ologist with fellowship training in nuclear medi- 
cine, diagnostic radiologist with fellowship training 
in body MRI, and diagnostic radiologist with well- 
rounded skills who will work at a number of prac- 
tice locations. Andrews, Lynch & Field is a 
dynamic sub-specialized group of 13 radiologists 
based in Bangor, ME. The group provides radiol- 
ogy services to 5 hospitals in central and eastern 
Maine. All group members are board certified. 
The group provides libera! vacation, educational 
opportunities, and outstanding fringe benefits. If 
you would like to explore any of the above op- 
portunities, please forward a letter with CV to 
Peter Holman, Administrator, Andrews, Lynch & 
Field, Radiologists, P.A., 404 State St., Bangor, 
ME 04401. 11a 


NEURORADIOLOGIST—Board-certified diagnos- 
tic radiologist with formal neuroradiology training 
to join well-established, 7-member private-practice 
group. Should have strong background in neuro- 
radiology and MRI. Additional training in head and 
neck radiology helpful. Successful candidate will 
direct neuroradiology and MRI services at active, 
470-bed referral hospital. New 1.5-T Siemens MRI 
and CT outpatient facility planned for completion 
July 1988. Must be competent and willing to per- 
form general radiology as well. Contact Mark H. 
Wholey, M.D., Chairman, Dept. of Diagnostic Im- 
aging, Shadyside Hospital, Pittsburgh, PA 15232: 
(412) 622-2083. 11-12a 


AGGRESSIVE DIAGNOSTIC RADIOLOGY 
GROUP is in need of new associate approxi- 
mately January to July 1989. Must be board cer- 
tified to become partner. Would prefer multi- 
talented background including interventional 
radiology, nuclear medicine, ultrasound, CT, and 
MRI experience. Ability to speak Spanish helpful 
but not required. Our group covers 4 hospitals in- 
cluding regional trauma center and 2 offices. 
Located in The Sparkling City by the Sea. Kindly 
send CV to Donald R. Brieger, M.D., or R.P. 
Chepey, M.D., 2481 Morgan, PO. Box 5608, 
Corpus Christi, TX 78405. 11-2a 
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DIAGNOSTIC RADIOLOGIST BC/BE to join 
8-member group in this growing practice and 
community. Position allows participation in all 
modalities including MRI. Contact Edward J. 
Chesna, M.D., 703 N. East St., Bloomington, IL 
61701; (309) 829-9473. 11-1a 


BC/BE DIAGNOSTIC RADIOLOGIST—Busy 
hospital and office practice. All D.R. skills 
necessary. Florida license, amicable, and non- 
smoker. Stimulating practice and great beach- 
area lifestyle. Seeking right person for established 
6-member practice. Send CV and photo to J.G. 
Arterburn, M.D., C/O R.A. Castillo, M.D., and 
Assoc., PA., 1609 Pasadena Ave. S., St. Peters- 
burg, FL 33707. 11-1ap 


BOARD-CERTIFIED RADIOLOGIST to join 
5-man group. 50% specials. Private offices and 
2 hospitals, all in the city. Generous salary and 
benefits. Full partnership in 2 yr. GE 9800, Biplane 
Philips with DSA, Acuson, SPECT, and MRI soon. 
Please reply ASAP to G.M. Ebersole, M.D., 
333 E. Fifth St., Jamestown, NY 14701: 
(716) 664-9731. 11-12a 


RADIOLOGIST WANTED TO HEAD DEPT. in 
75-bed hospital. Experience and expertise in 
general radiography, mammography, ultrasound, 
CT, and nuclear medicine is required. Prosperous 
small town in central Wisconsin, affiliated with a 
major medical center. Excellent salary and fringe 
benefits. Contact Mr. David Draves, Marshfield 
Clinic, 1000 North Oak Ave., Marshfield, WI 
54449; (715) 387-5376. 11a 


PARTNER DESIRED—Board-certified/eligible 
radiologist to share hospital and office practice. 
Must enjoy general radiology, mammography, 
nuclear medicine, ultrasound, and CT. Hands-on 
experience in real-time ultrasound helpful. Ex- 
cellent salary and benefits. Early partnership. Will 
consider longer term locums. Send CV to Radi- 
ology, 5681 N. Fresno St., Fresno, CA 93710. 
11-12a 


ULTRASOUND/CT/MRI—Seeking board-certified 
radiologist specializing in sectional body imaging 
to pursue academic practice at the University of 
Alabama at Birmingham. Expanding 1400-bed 
medical complex performs over 10,000 imaging 
examinations per yr with state-of-the-art equip- 
ment, including 2 Acuson units, 2 GE 9800 CT 
scanners, and high- and low-field MRI units. 
Special interest in abdominal Doppler ultrasound. 
Position includes clinical, teaching, and research 
responsibilities. Send CV to Lincoln L. Berland, 
M.D., Dept. of Radiology, University of Alabama 
at Birmingham, 619 S. 19th St., Birmingham, AL 
35233. 11-1ap 


VASCULAR INTERVENTIONAL RADIOLOGIST, 
UNIVERSITY OF VIRGINIA MEDICAL CENTER— 
Dept. of Radiology. Tenure-track position at rank 
of Assistant Professor to Professor. Salary and 
academic rank will be commensurate with expe- 
rience and qualification. Minimum requirements 
include M.D. with board certification in radiology 
and competence in angiography, interventional 
radiology, and special procedures. Starting date: 
Negotiable. Please provide CV and names and 
addresses of 3 references. Contact Charles J. 
Tegtmeyer, M.D., Professor and Chief, Division of 
Angiography, Interventional Radiology, and 
Special Procedures, Box 170, Charlottesville, VA 
22908; (804) 924-9401. Equal opportunity/affirma- 
tive action employer. 11a 


NEURORADIOLOGIST—Opening for experienced 
neuroradiologist with fellowship training to join 
partnership of 4 radiologists in outpatient office 
and 200-bed general hospital. MR experience 
essential. Currently considering MRI addition to 
be operational in 12 mo. Practice is in Coeur d’ 
Alene, ID. Beautiful recreational, fishing, and 
hunting facilities. Excellent opportunity for 
university-trained radiologist seeking full, private- 
practice partnership situation. Send letters of in- 
quiry with CV to Richard Hehn, M.D., Radiology 
Associates of North Idaho, 1104 Ironwood Dr., 
Coeur d’ Alene, ID 83814. 11-12ap 
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FULL-TIME, PART-TIME, OR LOCUM TENENS 
(LEADING TO PERMANENT) office/hospital- 
based position im south Texas urban community. 
Board certification, friendly attitude, good train- 
ing, motivation, amd Texas license required. 
General radiology practice with fluoroscopy, 
mammography, nuelear medicine, sonography, 
CT, and limited MRI. Comfortable hours and 
remuneration with potential to expand. Reply Box 
W60, AJA (see address this section). 11xa 


BOARD-CERTIFIED RADIOLOGIST—5-man group, 
in deep South, seeks associate for position 
leading to partnership. Group serves a full- 
modality clinic with GE-MRI, CT, nuclear medi- 
cine, and ultrasound and a 300+ bed tertiary 
care hospital and 2 small feeder hospitals. Indi- 
vidual must possess above-average skills in 
general radiology, ultrasound, CT, and nuclear 
medicine. Angiography and MR desirable but 
not essential. Fellowship or demonstrated sub- 
specialty interest and skills a plus. Send CV and 
3 suitable references to Box Y53, AJR (see ad- 
dress this section). 10-12a 


BOARD-CERTIFIED RADIOLOGIST—Expanaing, 
multistate, midwestern group, practicing in 
hospitals, clinics, and imaging centers, seeks 
board-certified radiologist. Progressive individuals 
with general diagnostic and MRI background 
preferred. Excellent benefit program. Send CV to 
Guy Syvertsen, M.D., Senior Vice-President, 
Radiology Consulting Associates, 30680 Bain- 
bridge Rd., Solon, OH 44139. 10-12a 


DIAGNOSTIC RADIOLOGIST—Immediate open- 
ing in Tampa, FL. Baard certification and Florida 
license required. All modalities including MRI. At- 
tractive benefits. Call (813) 875-2818. 10-12a 


BOARD-CERTIFIED DIAGNOSTIC RADIOLOGIST 
to join multispecialty private corporation with a 
well-equipped X-ray area, dedicated mammog- 
raphy, nuclear medicine, high-resolution real-time 
ultrasound, and whale-body CAT scanner. Send 
CV and reply to Administrator, Johnson Clinic, 
P.C., P.O. Box 315, Rugby, ND 58368. 10-11a 


DIAGNOSTIC RADIOLOGIST—Immediate open- 
ing. Interventional and special procedures exper- 
tise preferred. Training in CT, MR, ultrasound, and 
nuclear medicine welcome. Group practice in 
greater Chicago area. For more information write 
or call Leon E. Kinasiewicz, M.D., St. Anthony 
Medical Ctr, Main at Franciscan Rd., Crown 
Point, IN 46307; (219) 738-2100. 10-12a 


ANGIOGRAPHER/INTERVENTIONALIST— 
Board-certified diagnostic radiologist with fellow- 
ship training wanted to join 5-member dept. in a 
214-bed community hospital. Group also active in 
busy outpatient facilities and MRI. Contact Jon 
Robins, M.D., or Edward Janon, M.D., 6699 Alva- 
rado Rd., Ste. 2100, San Diego, CA 92120; 
(619) 583-4214. 10-liap 


BOARD-CERTIFIED RADIOLOGIST with fellow- 
ship training in nuclear medicine for position 
beginning July 1, 1988. Nuclear medicine is an 
advanced, active section with emphasis on state- 
of-the-art equipment in cardiac nuclear medicine. 
612-bed teaching hospital. Radiology group is an 
academically oriented private practice. Send in- 
quiries to Stanley Grossman, M.D., Chief, Nuclear 
Medicine Section, Dept. of Radiology, The 
Western Pennsylvania Hospital, 4800 Friendship 
Ave., Pittsburgh, PA 15224. 10-12a 


ULTRASOUND/CT/MRI—Seeking board- 
certified radiologist specializing in sectional body 
imaging to pursue academic practice at the 
University of Alabama at Birmingham. Expanding 
1400-bed medical complex performs over 10,000 
imaging examinations per yr with state-of-the-art 
equipment, including 2 Acuson units, 2 G.E. 9800 
CT scanners, and high- and low-field MRI units. 
Special interest in abdominal Doppler ultrasound. 
Position includes elinical, teaching, and research 
responsibilities. Send CV to Lincoln L. Berland, 
M.D., Dept. of Radiolegy, University of Alabama 
at Birmingham, 619 S. 19th St., Birmingham, AL 
35233. 8-11a 
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DIAGNOSTIC RADIOLOGIST—Position for 
board-certified radiologist with special experience 
in ultrasound and mammography. Join group 
serving imaging centers and hospital with MRI, 
CT, and nuclear medicine facilities. Reply to 
M. Fogg, P. O. Box 540131, Houston, TX 77254. 
10-11a 


THE UNIVERSITY OF ARIZONA, DEPT. OF 
RADIOLOGY is recruiting a Section Head of 
Thoracic Radiology and abdominal imaging 
radiologist for the University Medical Center and 
a General Radiologist for the VA Medical Center. 
Candidates should be trained in appropriate im- 
aging modalities and invasive techniques, and in- 
terested in teaching and research. Income and 
academic rank are negotiable. The University of 
Arizona is an affirmative action/equal opportunity 
employer. Contact Bruce J. Hillman, M.D., Vice- 
Chairman, Dept. of Radiology, University of 
Arizona Health Sciences Center, Tucson, AZ 
85724; (602) 626-7368. 9-2a 


SEEKING ACADEMIC ASSOCIATE IN NEURO- 
RADIOLOGY at Assistant or Associate Professor 
level. Clinical experience at University Hospital, 
VA Hospital, Children’s Hospital. Research oppor- 
tunity, equal opportunity employer, latest genera- 
tion MRI, CT, and angiography. Salary negotiable. 
Contact Edgardo Angtuaco, M.D., University of 
Arkansas for Medical Sciences, Slot 581, 4301 W. 
Markham, Little Rock, AR 72205. 9-11a 


RADIOLOGIST—A board-certified/board-eligible 
radiologist with experience is needed to join the 
staff of the Alaska Native Medical Center, a 
170-bed referral facility for a state-wide system of 
Indian Health Service hospitals and clinics. Prac- 
tice stimulating and challenging radiology in a 
relaxed and casual atmosphere. State-of-the-art 
in-house CT, sonography, and mammography. 
Send CV to W. M. Cox, M.D., P.O. Box 10-7741, 
Anchorage, AK 99510-7741. EOE. 9-2a 


DIAGNOSTIC RADIOLOGIST to work with a group 
covering both hospital and private practice. CT, 
ultrasound, and angiography. 1 hr from Boston. 
Please reply to Box X16, AJR (see address this 
section). 9-11ap 


PEDIATRIC RADIOLOGIST—Large metropolitan 
hospital with busy pediatric practice needs pedi- 
atric radiologist. Practice should be more than 
50% pediatric. Very busy in ICU. Board certifica- 
tion mandatory. Practice includes CT/MRI. Write 
or call Randy Greene, M.D., 2801 N. Gantenbein, 
Portland, OR 97227; (503) 280-4032. 9-11a 


BC/BE RADIOLOGIST to join 2 other radiologists 
in hospital-based practice in southeastern US. 
Town has a population of 15,000 with a broad 
economic base and a large referral area. Near the 
Gulf of Mexico and Atlantic Ocean. CT, MRI, ultra- 
sound, angiography, mammography, and general 
diagnostic work. Prefer individual with fellowship 
or additional training in MRI. Send CV to Box X25, 
AJR (see address this section). 9-11a 


BC/BE RADIOLOGIST—Immediate opportunity 
available to join 6-member group. All modalities 
present. Group services 2 hospitals and has 2 
offices in south Florida, East Coast. Interventional 
fellowship would be beneficial. David Harr, M.D., 
1845 Tarpon Ln., G-101, Vero Beach, FL 32960. 
10-12a 


NEURORADIOLOGIST—Applications are being 
sought for a neuroradiologist for a 560-bed 
teaching hospital/private office. New 1.5-T MRI 
unit soon to be operational. Candidate should be 
board certified preferably with 2 yr of neurora- 
diology fellowship. Training in MR, CT, angi- 
ography, and myelography necessary. Send 
current CV to R. William McConnell, M.D., Chair- 
man, Dept. of Radiology, Number 9, Doctor's 
Park, Greenville, NC 27834. 7-12a 


Positions Desired 


RADIOLOGIST, ABR-certified seeks full-time or 
regular part-time position (i.e., every other month 
or similar arrangement). Prefer town of less than 
100,000. Experienced in all modalities except MRI. 
Available January 1988. Reply Box A44, AJR (see 
address this section). 11-1b 


THIRD-YR RESIDENT POSITION sought for July 
1988. Ambitious second-yr radiology resident 
wants to expand upon solid foundation in an 
academic dept. in the northeast. Reply Box A46, 
AJR (see address this section). 17b 


TO HEADS OF ACADEMIC RADIOLOGY DEPT.— 
Radiologist, clinical professor, or professor 
emeritus at 3 major medical schocls, FACP and 
FRCR, wants to expand his teaching of residents 
primarily in ‘“‘stone-age”’ radiology with academic 
flourishes. Expects no fee, no entertaining; just 
travel and motel. References impeccable. Reply 
to Box A34, AJR (see address this section). 11bp 


DIAGNOSTIC RADIOLOGY GROUP with exten- 
sive military, academic, and private practice ex- 
perience desires full-service practice opportunity. 
Expertise in all areas including MRI, CT, Doppler 
ultrasound, mammography, and interventional 
procedures. Prefer western states. Reply Box Y55, 
AJR (see address this section). 10-11bp 


CARDIOVASCULAR RADIOLOGIST—Recent 
Harvard fellowship, B/C radiologist desires to 
develop aggressive angioplasty, cardiac imaging 
service for private group. Send inquiries to PTA, 
4361 Bender Ct., Troy, MI 48098. 10-11b 


Fellowships and Residencies 


VISCERAL IMAGING AND INTERVENTIONAL 
RADIOLOGY FELLOWSHIP—Three positions to 
begin July 1988 in 612-bed hospital. Fellows will 
be actively involved in diagnostic CT and ultra- 
sound. Fellows will also participate in all vascular 
and nonvascular procedures including angio- 
plasties, biliary, GU, biopsies, abscess drainages, 
and angiography. Send inquiries to Harvey L. 
Neiman, M.D., Chairman, Dept. of Radiology, The 
Western Pennsylvania Hospital, 4800 Friendship 
Ave., Pittsburgh, PA 15224. 11c 


PEDIATRIC RADIOLOGY FELLOWSHIP— 
Childrens Hospital of Los Angeles has an open- 
ing for a pediatric radiology fellow starting July 1, 
1988, for 1 yr. Childrens Hospital of Los Angeles 
is the largest children’s hospital on the west coast. 
Applications should be sent to John L. Gwinn, 
M.D., Radiology Dept., Childrens Hospital of Los 
Angeles, 4650 Sunset Blvd., Los Angeles, CA 
90027. Childrens Hospital of Los Angeles is an 
equal opportunity employer. 11-12c 


GASTROINTESTINAL RADIOLOGY—One-yr 
fellowship available at the Hospital of the Univer- 
sity of Pennsylvania starting July 1988. Contact 
Igor Laufer, M.D., Hospital of the University of 
Pennsylvania, 3400 Spruce St., Philadelphia, PA 
19104; (215) 662-3263. 11c 


INTERVENTIONAL RADIOLOGY FELLOWSHIP— 
The Rush-Presbyterian-St. Luke's Medical 
Center is now offering a 1-yr fellowship position 
beginning July 1, 1988, in interventional radiology. 
This 750-bed teaching hospital offers extensive 
experience in all aspects of vascular and non- 
vascular procedures with a primary emphasis on 
patient care and clinical research. Send inquiries 
to Terence Matalon, M.D., Rush-Presbyterian- 
St. Luke’s Medical Center, Dept. of Radiology, 
1753 W. Congress Pkwy., Chicago, IL 60612. 11-3c 


CARDIOVASCULAR-INTERVENTIONAL RADI- 
OLOGY FELLOWSHIP—Available July 1, 1988. 
One-year fellowship program at a 750-bed teaching 
hospital. Extensive clinical experience involving 
all aspects of cardiovascular imaging, interven- 
tional vascular and nonvascular procedures, and 
availability for clinical or animal research. Send 
CV and inquiries to Oscar H. Gutierrez, M.D., 
Dept. of Radiology, Box 648, University of 
Rochester Medical Center, Rochester, NY 14642. 
EO/AA/M-F employer. 10-3c 
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FELLOWSHIPS IN (1) ULTRASOUND/CT/MRI, 
(2) CARDIOVASCULAR/INTERVENTIONAL, 
(3) NEURORADIOLOGY/ENT, (4) CARDIOPUL- 
MONARY—The Dept. of Radiology at Thomas Jef- 
ferson University Hospital offers these 4 sub- 
Specialty fellowships each yr. We have a very 
large and extensively equipped ultrasound divi- 
sion that offers training in all phases of ultrasound 
including cardiac, vascular, and obstetric. The 
dept. also has 3 modern CT scanners and a GE 
1.5-T MRI unit. The Cardiovascular/Interventional 
Division is currently being renovated and will 
house state-of-the-art angiography equipment 
with DSA. This division performs a full range of 
both vascular and nonvascular interventional pro- 
cedures. Neuroradiology is housed in a brand 
new Neurosciences Imaging Center containing all 
imaging modalities in a single comprehensive 
facility. For information and applications to these 
4 programs, contact Barry B. Goldberg, M.D. 
(Ultrasound/CT/MRI); Geoffrey Gardiner, Jr., M.D. 
(Cardiovascular/Interventional); Carlos Gonzalez, 
M.D. (Neuroradiology); or Robert Steiner, M.D. 
(Cardiopulmonary) at the Dept. of Radiology, 
Thomas Jefferson University Hospital, Phila- 
delphia, PA 19107. 11c 


INTERVENTIONAL RADIOLOGY FELLOWSHIP. 
The Dept. of Radiology of the University of South 
Florida offers a 1- and 2-year fellowship in inter- 
ventional radiology. Procedures include all non- 
cardiac diagnostic angiography, angioplasty, 
chemoembolization, lymphangiography, arth- 
rography, biopsies, GI and GU drainages, 
ganglion and facet blocks, and gastrostomies. 
The 2-year program will include a year as junior 
faculty. There is extensive exposure to MRI, CT, 
and ultrasound. Send CV to Stephen F. Quinn, 
M.D., U.S.F., H. Lee Moffitt Cancer Center and 
Research Institute, Dept. of Diagnostic Imaging, 
P.O. Box 280179, Tampa, FL 33682-0179. 11c 


MAMMOGRAPHY/CHEST RADIOLOGY FEL- 
LOWSHIP—The Dept. of Radiology and Radiol- 
ogical Sciences of Vanderbilt University Medical 
Center announces the initiation of a 1-yr fellow- 
ship program combining training and opportun- 
ities for research in breast imaging and chest 
radiology. The program includes participation in 
Clinical aspects of breast disease detection with 
ample opportunity to investigate radiographic- 
pathologic correlation. Additionally, MRI is avail- 
able for utilization as both a clinical and research 
tool. Applications for this fellowship position, to 
begin July 1, 1988, are invited. For futher infor- 
maiton contact Richard M. Heller, M.D., or Alan 
C. Winfield, M.D., Dept. of Radiology, Vanderbilt 
University Medical Center, Nashville, TN 37232 or 
(615) 322-3747. Vanderbilt University is an affir- 
mative action, equal opportunity employer. 10-12c 


PEDIATRIC RADIOLOGY FELLOWSHIP at 
Children’s Hospital of Philadelphia, beginning 
July 1988, is 2 years in duration (special accom- 
modation possible) and intended to train full-time 
pediatric radiologists. Dept. performs 70,000 pro- 
cedures per yr and offers general radiology plus 
pediatric nuclear medicine, ultrasound, CT, MRI, 
cardiovascular angiography, and interventional 
experience. Apply to Kenneth E. Fellows, M.D., 
Director, Children’s Hospital of Philadelphia, 34th 
and Civic Center Blvd., Philadelphia, PA 19104. 
10-11c 


CLASSIFIED ADVERTISEMENTS 


DEPT. OF RADIOLOGY, UNIVERSITY OF 
ROCHESTER MEDICAL CENTER—One-year 
fellowship positions available July 1, 1988, or 
July 1, 1989. Positions include neuroradiology, 
cardiovascular/angiography, ultrasound/CT/MRI, 
and pediatric radiology. Requirements include 
board eligibility or certification in diagnostic 
radiology and an accredited radiology residency. 
Candidates must be licensed or eligible to obtain 
a license to practice medicine in the state of New 
York. Apply by Dec. 1 of the year before the 
fellowship starting date. Contact Beverly P. Wood, 
M.D., Box 648, University of Rochester Medical 
Center, Rochester, NY 14642. University of 
Rochester is an affirmative action, equal oppor- 
tunity employer. 10-3c 

FELLOWSHIP IN ULTRASOUND AND BODY 
CT/MRi—July 1, 1988, to June 30, 1989, at the 
New York Hospital-Cornell Medical Center. Dept. 
provides state-of-the-art equipment, including 
Acuson ultrasound, GE 9800 CT, and GE Signa 
1.5-T MR. Wide variety of ultrasound examina- 
tions include abdominal, Ob-Gyn, Doppler, small 
parts, and neonatal head. Applicants should be 
ABR- eligible or certified. Send CV to Elias 
Kazam, M.D., Dept. of Radiology, The New York 
Hospital-Cornell Medical Center, 525 E. 68th St., 
New York, NY 10021. 10-11c 
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AJR Classified Advertisements Information 


Box Responses and Address for Ad Placement 
, AJR, Suite 200, 2223 Avenida de la Playa, La Jolla, CA 92037; (619) 


AJR accepts classified advertising for Positions Available, Positions Desired, Fel- 
lowships and Residencies, and Tutorials/Courses. Ads are accepted by mail or 
telephone. Institutions should supply purchase orders. 

Rates: $6.00/line with a $30 minimum charge. Box service is $10 additional for each 
month the ad appears. There are discounts for multiple insertions: 10% for 2-3 inser- 
tions; 20% for 4 or more. To estimate lines, count all words and divide by 5.5. 
Billing: Ads may be prepaid or invoices will be sent after the ad appears. 
Deadlines. 6 weeks prior to issue date. For specific deadlines telephone the AJR 


Line charge: divide total words by 5.5 and multiply by $6.00 .... $ 
Multiple insertions? If so, multiply by number ................ x 
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Approximate advertising charge ..... 


AJR: 149, November 1987 


CARDIOVASCULAR AND INTERVENTIONAL 
RADIOLOGY FELLOWSHIP—Iwo-year program 
Starting July 1, 1989. Peripheral and coronary 
angiography, cardiac catheterization, digital 
vascular imaging, all types of interventional pro- 
cedures, noninvasive vascular techniques, and 
cardiovascular MRI. Research time available for 
participation in original or ongoing clinical and/or 
laboratory projects. Contact Krishna Kandarpa, 
M.D., Ph.D., Dept. of Radiology, Harvard Medical 
School, Brigham and Women's Hospital, 75 Fran- 
cis St., Boston, MA 02115. 10-11c 


Tutorials/Courses 


AUSTRALIA-NEW ZEALAND—IMAGING DOWN 
UNDER, MARCH 12-27, 1988. International fac- 
ulty. Auckland, New Zealand, March 13-14; 
Sydney, Australia, March 18-20; and Melbourne, 
Australia, March 25-26. Information: Medical 
Seminars, 21915 Roscoe Blvd., Ste. 222, Canoga 
Park, CA 91304; (818) 719-7380. 9-2d 
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Conray (iothalamate meglumine injection U.S.P. 60%) 


Each milliliter contains 600 mg of iothalamate meglumine, 0.09 mg edetate calcium 
disodium as a stabilizer and 0.125 mg of monobasic sodium phosphate as a buffer. The 
solution provides 28.2% (282 mg/mL) organically bound iodine. 


Con ray-43 (iothalamate meglumine injection U.S.P. 43%) 


Each milliliter contains 430 mg of iothalamate meglumine, 0.110 mg edetate calcium 
disodium as a stabilizer and 0.115 mg of monobasic sodium phosphate as a buffer. The 
solution provides 20.2% (202 mg/mL) organically bound iodine. 


INDICATIONS AND USAGE 


CONRAY is indicated for use in excretory urography, cerebral angiography, peripheral 
arteriography, venography, arthrography, direct cholangiography, endoscopic retrograde 
cholangioparcreatography, contrast enhancement of computed tomographic brain im- 
ages, cranial computerized angiotomography, intravenous digital subtraction angiography 
and arterial cigital subtraction angiography. 

CONRAY-43 is indicated for use in lower extremity venography, intravenous infusion 
urography, contrast enhancement of computed tomographic brain images and arterial 
digital subtraction angiography. 

CONRAY and CONRAY-43 may also be used for enhancement of computed tomographic 
scans performed for detection and evaluation of lesions in the liver, pancreas, kidneys, 
abdominal aorta, mediastinum, abdominal cavity and retroperitoneal space. Continuous or 
multiple scans separated by intervals of 1-3 seconds during the first 30-90 seconds 
post-injection of the contrast medium (dynamic CT scanning) may provide enhancement of 
diagnostic significance, and may be of benefit in establishing diagnoses of certain lesions in 
these sites with greater assurance than is possible with CT alone, and in supplying 
additional features of the lesions. In other cases, the contrast agent may allow visualization 
of lesions not seen with CT alone, or may help to define suspicious lesions seen with 
unenhanced CT. Subsets of patients in whom delayed body CT scans might be helpful have 
not been identified. Inconsistent results have been reported and abnormal and normal 
tissues may be isodense during the time frame used for delayed CT scanning. The risks of 
such indiscriminate use of contrast media are well known and such use is not recom- 
mended. At present, consistent results have been documented using dynamic CT tech- 
niques only. 


CONTRAINDICATIONS 


Referto PRECAUTIONS, General, concerning hypersensitivity. CONRAY and CONRAY-43 
should not be used for myelography. Arthrography should not be performed if infection is 
present in or near the joint. Percutaneous transhepatic cholangiography is contraindicated 
in patients with coagulation defects and prolonged prothrombin times. Endoscopic retro- 
grade cholangiopancreatography is contraindicated during an acute attack of pancreatitis 
or during severe clinically evident cholangitis and in patients in whom endoscopy is prohibited. 


WARNINGS 


Serious or fatal reactions have been associated with the administration of iodine contain- 
ing radiopaque media. It is of utmost importance to be completely prepared to treat any 
contrast medium reaction. 

Serious neurologic sequelae, including permanent paralysis, have been reported follow- 
ing cerebral arteriography, selective spinal arteriography and arteriography of vessels 
supplying the spinal cord. The intravascular injection of a contrast medium should never be 
made following the administration of vasopressors since they strongly potentiate neuro- 
logic effects. 

In patients with subarachnoid hemorrhage, a rare association between contrast adminis- 
tration and clinical deterioration, including convulsions and death, has been reported. 
Therefore, administration of intravascular iodinated ionic contrast media in these patients 
should be undertaken with caution. 

A definite risk exists in the use of intravascular contrast agents in patients who are known 
to have multiple myeloma. In such instances anuria has developed resulting in progressive 
uremia, renal failure and eventually death. Although neither the contrast agent nor dehy- 
dration has separately proved to be the cause of anuria in myeloma, it has been speculated 
that the combination of both may be causative factors. The risk in myelomatous patients is 
not a contraindication to the procedure; however, partial dehydration in the preparation of 
these patients for the examination is not recommended since this may predispose to 
precipitation of myeloma protein in the renal tubules. No form of therapy, including dialysis, 
has been successful in reversing the effect. Myeloma, which occurs most commonly in 
persons over 40, should be considered before instituting intravascular administration of 
contrastagents. 

Administration of radiopaque materials to patients known or suspected to have pheo- 
chromoeytoma should be performed with extreme caution. If, in the opinion of the physician, 
the possible benefits of such procedures outweigh the considered risks, the procedures 
may be performed; however, the amount of radiopaque medium injected should be kept to 
an absolute minimum. The blood pressure should be assessed throughout the procedure, 
and measures for treatment of a hypertensive crisis should be available. 

Contrast media have been shown to promote the phenomenon of sickling in individuals 
who are homazygous for sickle cell disease when the material is injected intravenously or 
intra-arterially. 

Convulsions have occurred in patients with primary or metastatic cerebral lesions 
following the administration of iodine-containing radiopaque media for the contrast en- 
hancement of CT brain images. 

In patients with advanced renal disease, iodinated contrast media should be used with 
caution, and only when the need for the examination dictates, since excretion of the medium 
may be impaired. Patients with combined rena! and hepatic disease, those with severe 
hypertension or congestive heart failure, and recent renal transplant recipients may 
present an additional risk. 

Renal failure has been reported in patients with liver dysfunction who were given an oral 
cholecystographic agent followed by an intravascular iodinated radiopaque agent and also 
in patients with occult renal disease, notably diabetics and hypertensives. In these classes 
of patients there should be no fluid restriction and every attempt made to maintain normal 
hydration, prior to contrast medium administration, since dehydration is the single most 
important factor influencing further renal impairment. 

Acute renal failure has been reported in diabetic patients with diabetic nephropathy and 
in susceptible non-diabetic patients (often elderly with pre-existing renal disease) following 


the administration of iodinated contrast agents. Therefore, careful consideration of the 
potential risks should be given before performing this radiographic procedure in these 
patients. 

Caution should be exercised in performing contrast medium studies in patients with 
endotoxemia and/or those with elevated body temperatures. 

Reports of thyroid storm occurring following the intravascular use of iodimated radio- 
paque agents in patients with hyperthyroidism or with an autonomously functioning thyroid 
nodule, suggest that this additional risk be evaluated in such patients before use-of this drug. 
lodine containing contrast agents may alter the results of thyroid function tests which 
depend on iodine estimation, e.g. PBI and radioactive iodine uptake studies. Such tests, if 
indicated, should be performed prior to the administration of this preparation. 


PRECAUTIONS 


General 


Diagnostic procedures which involve the use of iodinated intra-vascular contrast agents 
should be carried out under the direction of personnel skilled and experienced in the 
particular procedure to be performed. All procedures utilizing contrast media carry a 
definite risk of producing adverse reactions. While most reactions may be minor, life 
threatening and fatal reactions may occur without warning. The risk-benefit factor should 
always be carefully evaluated before such a procedure is undertaken. A: all times a fully 
equipped emergency cart, or equivalent supplies and equipment, and personne! competent 
in recognizing and treating adverse reactions of all severity, or situations which may arise 
as a result of the procedure, should be immediately available. If a serious reaction should 
occur, immediately discontinue administration. Since severe delayed reactions have been 
known to occur, emergency facilities and competent personnel should be available for at 
least 30 to 60 minutes after administration. (Gee ADVERSE REACTIONS). 

Preparatory dehydration is dangerous and may contribute to acute renal failure in 
infants, young children, the elderly, patients with pre-existing renal insufficiency, patients 
with advanced vascular disease and diabetic patients. 

Severe reactions to contrast media often resemble allergic responses. This has 
prompted the use of several provocative pretesting methods, none of which can be relied on 
to predict severe reactions. No conclusive relationship between severe reactions and 
antigen-antibody reactions or other manifestations of allergy has been established. The 
possibility of an idiosyncratic reaction in patients who have previously received a contrast 
medium without ill effect should always be considered. Prior to the injection of any contrast 
medium, the patient should be questioned to obtain a medical history wth emphasis on 
allergy and hypersensitivity. A positive history of bronchial asthma or allergy, inctuding food, 
a family history of allergy, or a previous reaction or hypersensitivity to a contrast agent may 
imply a greater than usual risk. Such a history, by suggesting histamine sensitivity and 
consequently proneness to reactions, may be more accurate than pre-testing im predicting 
the potential for reaction, although not necessarily the severity or type of reaction in the 
individual case. A positive history of this type does not arbitrarily contraindicate the use of a 
contrast agent, when a diagnostic procedure is thought essential, but does call for caution. 
(See ADVERSE REACTIONS). 

Prophylactic therapy including corticosteroids and antihistamines should be considered 
for patients who present with a strong allergic history, a previous reaction to a contrast 
medium, or a positive pre-test since in these patients the incidence of reaction is two to 
three times that of the general population. Adequate doses of corticosteroids should be 
started early enough prior to contrast medium injection to be effective and should continue 
through the time of injection and for 24 hours after injection. Antihistamines should be 
administered within 30 minutes of the contrast medium injection. Recent reports indicate 
that such pre-treatment does not prevent serious life-threatening reactions, but may 
reduce both their incidence and severity. A separate syringe should be used for these 
injections. 

General anesthesia may be indicated in the performance of some procedures in young 
or uncooperative children and in selected adult patients; however, a higher incidence of 
adverse reactions has been reported in these patients, and may be attributable to the 
inability of the patient to identify untoward symptoms or to the hypotensive effect of 
anesthesia which can prolong the circulation time and increase the duration of contact of 
the contrast agent. 

Angiography should be avoided whenever possible in patients with homocystinuria 
because of the risk of inducing thrombosis and embolism. 

Information for Patients: Patients receiving iodinated intra-vascular contrast agents should 
be instructed to: 

1. Inform your physician if you are pregnant. 

2. Inform your physician if you are diabetic or if you have multiple myeloma, pheochro- 

mocytoma, homozygous sickle cell disease or known thyroid disease. (See WARNINGS). 

3. Inform your physician if you are allergic to any drugs, food or if you had any reactions to 

previous injections of dyes used for x-ray procedures. (See PRECAUTIONS, General). 

4. Inform your physician about any other medications you are currently taking including 

non-prescription drugs. 

Carcinogenesis. Mutagenesis, Impairment of Fertility: No long-term animal studies have 
been performed to evaluate carcinogenic potential. However, animal studies suggest that 
this drug is not mutagenic and does not affect fertility in males or females. 

Pregnancy Category B: Reproduction studies have been performed in mice, rats, and 
rabbits at doses up to 6.6 times the human dose and have revealed no evidence of impaired 
fertility or harm to the fetus due to CONRAY. There are however no adequate and well 
controlled studies in pregnant women. Because animal reproduction studies are not always 
predictive of human response, this drug should be used during pregnancy only if clearly 
needed. 

Nursing Mothers: lothalamate salts are excreted unchanged in human milk. Because of 
the potential for adverse effects in nursing infants, bottle feedings should be substituted for 
breast feedings for 24 hours following the administration of this drug. 


PRECAUTIONS FOR SPECIFIC PROCEDURES: 
Excretory Urography 


Infants and small children should not have any fluid restrictions prior to excretory 
urography. Injections of CONRAY and CONRAY-43 represent an osmotic load which, if 
superimposed on increased serum osmolality due to partial dehydration, may magnify 
hypertonic dehydration. (Gee WARNINGS and PRECAUTIONS, General concerning pre- 
paratory dehycration). 


Brief summary continued on last page of ad. 
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As versatile as they 


Conray-433 (icthalamate meglumine injection U.S.P 43%) 
Unique benefits for CT and venography 


Conray °-43 provides an ideal iodine concentration for use in lower extremity 
venography, CT scans. and infusion urography. Conray-43 combines good 
visualization with low toxicity and excellent patient tolerance. Because of its low 
viscosity. Conray-43 offers a shorter infusion time for a 200 mL dose versus 
150 mL dose of 60% solution. The lower osmolality of Conray-43 compared to a 
60% conventional agent may mean less post-procedural phlebitis. with no loss 
of imaging quality. 

For routine CT and lower extremity venography procedures. give your 
patients the unique benefits of Conray-43—the affordable. 
well-tolerated alternative. 
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are affordable 


Conray (iothalamate meglumine injection U.S.P. 60%): 
A proven performer 


Conray* offers you reliable performance, proven in over 15 million procedures 
in the last five years, ranging from IVPs to enhancement of CT images. Conray 
provides an iodine content that yields good visualization with low toxicity and 
good patient tolerance. 
The viscosity allows for bolus injection or rapid infusion, where necessary. 
And the variety of vial and bottle sizes lets you choose the Conray volume and 
mode of administration you need in your practice. 
With this kind of clinical versatility and affordability, < MALLIN +O}. 
its no surprise that Conray is the #1 brand of conventional 
iadinated contrast media—the standard 


by which all others are judged. Changing the look of medicine 





Continuation of brief summary for Conray® and Conray®-43 


Cerebral Angiography 

Cerebral angiography should be performed with special caution in patients with ad- 
vanced arteriosclerosis, severe hypertension, cardiac decompensation, senility, recent 
cerebral thrombosis or embolism, and migraine. 


Peripheral Arteriography and Venography 

Moderate decreases in blood pressure occur frequently with intra-arterial (brachial) 
injections. This change is usually transient and requires no treatment, however, the blood 
pressure should be monitored for approximately ten minutes following injection. Special 
Care is required when venography is performed in patients with suspected thrombosis, 
phlebitis, severe ischemic disease, local infection or a totally obstructed venous system. In 
the presence of venous stasis, vein irrigation with normal saline should be considered 
following the procedure. Venography is optimally performed with a more dilute solution 
such as Conray”-43 (lothalamate Meglumine Injection USP 43%). 

Extreme caution during injection of the contrast agent is necessary to avoid extravasa- 
tion and fluoroscopy is recommended. This is especially important in patients with severe 
arterial or venous disease. 


Arthrography 

During arthrography, strict aseptic technique is required to prevent the introduction of 
infection. Fluoroscopic control should be used to insure proper introduction of the needle 
into the synovial space and prevent extracapsular injection. Aspiration of excessive synovial 
fluid will reduce the pain on injection and prevent the rapid dilution of the contrast agent. It is 
important that undue pressure not be exerted during the injection. 


Direct Cholangiography 

In the presence of acute pancreatitis, direct cholangiography, if necessary, should be 
employed with caution, injecting no more than 5 to 10 mL without undue pressure. Percuta- 
neous transhepatic cholangiography should only be attempted when compatible blood for 
potential transfusions is in readiness and emergency surgical facilities are available. The 
patient should be carefully monitored for at least 24 hours to insure prompt detection of bile 
leakage and hemorrhage. Appropriate pre-medication of the patient is recommended and 
drugs which are cholespastic, such as morphine, should be avoided. Respiratory move- 
ments should be controlled during introduction of the needle. 


Endoscopic Retrograde Cholangiopancreatography 

Endoscopic retrograde cholangiopancreatography should only be performed by person- 
nel skilled and experienced with the procedure, and careful attention to technique is 
essential for the success and safety of the procedure. Fluoroscopy is mandatory during 
injection to prevent over distention of the duct systems. 


Contrast Enhancement in Body Computed Tomography 

It is advisable to insure that patients are adequately hydrated prior to the contrast 
enhanced body CT examination. Patient motion, including respiration, can markedly affect 
image quality, therefore, patient cooperation is essential. The use of an intravascular 
contrast medium can obscure tumors in patients undergoing CT evaluation of the liver 
resulting in a false negative diagnosis. Dynamic CT scanning is the procedure of choice for 
malignant tumor enhancement. 


Intravenous Digital Subtraction Angiography 

The risks associated with IV DSA are those usually attendent with catheter procedures 
and include intramural injections, vessel dissection and tissue extravasation. Small test 
injections of contrast medium made under fluoroscopic observation to insure the catheter 
tip is properly positioned, and in the case of peripheral placement that the vein is of 
adequate size, will reduce this potential. 

Patient motion, including respiration and swallowing, can result in marked image degra- 
dation yielding non-diagnostic studies. Therefore, patient cooperation is essential. 


Arterial Digital Subtraction Angiography 

The risks associated with arterial DSA are those usually attendent with catheter proce- 
dures. Following the procedure, gentle pressure hemostasis is required, followed by 
observation and immobilization of the limb for several hours to prevent hemorrhage from 
the site of arterial puncture. 


ADVERSE REACTIONS 


Adverse reactions to injectable contrast media fall into two categories: chemotoxic 
reactions and idiosyncratic reactions. 

Chemotoxic reactions result from the physio-chemical properties of the contrast media, 
the dose and speed of injection. All hemodynamic disturbances and injuries to organs or 
vessels perfused by the contrast medium are included in this category. 

Idiosyncratic reactions include all other reactions. They occur more frequently in patients 
20 to 40 years old. Idiosyncratic reactions may or may not be dependent on the amount of 
dose injected, the speed of injection, the mode of injection and the radiographic procedure. 
Idiosyncratic reactions are subdivided into minor, intermediate and severe. The minor 
reactions are self-limited and of short duration; the severe reactions are life-threatening 
and treatment is urgent and mandatory. 

Fatalities have been reported following the administration of iodine-containing contrast 
agents. Based upon clinical literature, the incidence of death is reported to range from one 
in 10,000 (0.01 percent) to less than one in 100,000 (0.001 percent). 






hA A S ` y ee Se ie 


' R a Se ie | i 
CV fo & Ge tt. Vow EN ET RH 


The following adverse reactions have been observed in conjunction with the use of 
iodine-containing contrast agents. 

The most frequent adverse reactions are nausea, vomiting, facial flush and a feeling of 
body warmth. These are usually of brief duration. Other reactions include the following: 

Hypersensitivity reactions: Dermal manifestations of urticaria with or without pruritus, 
erythema and maculopapular rash. Dry mouth. Sweating. Conjunctival symptoms. Facial, 
peripheral and angioneurotic edema. Symptoms related to the respiratory system include 
sneezing, nasal stuffiness, coughing, choking, dyspnea, chest tightness and wheezing, 
which may be initial manifestations of more severe and infrequent reactions including 
asthmatic attack, laryngospasm and bronchospasm with or without edema, pulmonary 
edema, apnea and cyanosis. Rarely, these allergic-type reactions can progress into ana- 
phylaxis with loss of consciousness and coma and severe cardiovascular disturbances. 

Cardiovascular reactions: Generalized vasodilation, flushing and venospasm. Occasion- 
ally, thrombosis or rarely, thrombophlebitis. Red blood cell clumping and agglutination, 
crenation and interference in clot formation. Extremely rare cases of disseminated intra- 
vascular coagulation resulting in death have been reported. Severe cardiovascular re- 
sponses include rare cases of hypotensive shock, coronary insufficiency, cardiac arrhythmia, 
fibrillation and arrest. These severe reactions are usually reversible with prompt and 
appropriate management; however, fatalities have occurred. 

Technique reactions: Extravasation with burning pain, hematomas, ecchymosis and 
tissue necrosis, paresthesia or numbness, vascular constriction due to injection rate, 
thrombosis and thrombophlebitis. 

Neurological reactions: Spasm, convulsions, aphasia, syncope, paresis, paralysis result- 
ing from spinal cord injury and pathology associated with syndrome of transverse myelitis, 
visual field losses which are usually transient but may be permanent, coma and death. 

Other reactions: Headache, trembling, shaking, chills without fever and light-headedness. 
Temporary renal shutdown or other nephropathy. 


ADVERSE REACTIONS FOR SPECIFIC PROCEDURES: 
Cerebral Angiography 


The major sources of cerebral arteriographic adverse reactions appear to be related to 
repeated injections of the contrast material, administration of doses higher than those 
recommended, the presence of occlusive atherosclerotic vascular disease and the method 
and technique of injection. 

Adverse reactions are normally mild and transient. A feeling of warmth in the face and 
neck is frequently experienced. Infrequently, a more severe burning discomfort is observed. 

Serious neurological reactions that have been associated with cerebral angiography and 
not listed under the general Adverse Reactions include stroke, amnesia and respiratory 
difficulties. 

Cardiovascular reactions that may occur with some frequency are bradycardia and 
decrease in systemic blood pressure. The blood pressure change is transient and usually 
requires no treatment. 


Peripheral Arteriography and Venography 

Hemorrhage and thrombosis have occurred at the puncture site of the percutaneous 
injection. Brachial plexus injury has been reported following axillary artery injection. 
Thrombophlebitis, syncope and very rare cases of gangrene have been reported following 
venography. 


Arthrography 

Arthrography may induce joint pain or discomfort which is usually mild and transient but 
occasionally may be severe and persist for 24 to 48 hours following the procedure. Effusion 
requiring aspiration may occur in patients with rheumatoid arthritis. 


Direct Cholangiography 

Adverse reactions may often be attributed to injection pressure or excessive volume of 
the medium resulting in overdistention of the ducts and producing local pain. 

Some of the medium may enter the pancreatic duct which may result in pancreatic 
irritation. Occasionally, nausea, vomiting, fever, and tachycardia have been observed. 
Pancholangitis resulting in liver abscess or septicemia has been reported. 

In percutaneous transhepatic cholangiography, some discomfort is common, but severe 
pain is unusual. Complications of the procedure are often serious and have been reported 
in 4 to 6 percent of patients. These reactions have included bile leakage and biliary 
peritonitis, gall bladder perforation, internal bleeding (sometimes massive), blood-bile 
fistula resulting in septicemia involving gram-negative organisms, and tension pneumotho- 
rax from inadvertent puncture of the diaphragm or lung. Bile leakage is more likely to occur 
in patients with obstructions that cause unrelieved high biliary pressure. 


Endoscopic Retrograde Cholangiopancreatography 

Adverse reactions that have occurred which are attributable to either the ERCP proce- 
dure or contrast agent include nausea, vomiting, fever, severe abdominal pain, duodenal 
wall intravasation, septicemia, pancreatitis and perforation of the common bile duct associ- 
ated with pathology. 


DOSAGE AND ADMINISTRATION 
Details on dosage are provided in the Conray and Conray-43 package insert. CONSULT 
FULL PACKAGE INSERT BEFORE USE. 
Rev. August 1987 
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Signa... 
the reference pomt 
m MR 


The true test of an MR system is 
day-to-day clinical performance. 
And from head to toe, the Signa® 
system delivers. 

Excellent image quality. Com- 
prehensive applications. High 
throughput. And continuing 
development of advanced soft- 
ware and hardware that keeps 
Signa sites the community leaders 
in MR. 

Success in MR depends on 
having a system that can do it all. 
Signa can. 


A head start 


Right from the top, Signa 
imaging gives you a distinct 
advantage. Many Signa users 
report that, on the average, a 





Image courtesy of University Diagnostic Institute, Tampa, FL 


spine & body 


complete high resolution head 
scan takes only 30 minutes. j 
Signa enables you to routinely 4 
combine single excitation imaging 
with small FOVs and thin slices to 
get superb resolution and contrast 
—quickly. Which is one reason 
why Signa sites typically build a 
strong neurological referral 
base—very quickly. 0 

















The backbone of 
referral strength 


Signa MR imaging provides 
superior visualization of spine 
anatomy. And with Signa’s standard 





fast scanning, spine studies are 
completed with an efficiency that 
both patients and technologists = 
appreciate. 

Oblique imaging is another 
advantage. Signa’s multi-slice, 
multi-angle acquisitions mean 
greater diagnostic sensitivity, 
particularly in the lumbar spine. 

Important to both lumbar and 
cervical spine studies is the 
‘“myelographic effect’ —easily 
achieved with Signa’s standard fast 





above the rest 


scan and flow compensation tech- 
niques, and with the peripheral 
gating Option. 





Extraordinary extremities 





Orthopedic studies are among 
the fastest growing applications at 
Signa sites. For good reason. Signa 
surface coils can provide submilll- 
meter reso ution images of the 
knee, TMJ or shoulder in less than 
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blood flow compensation pulse 
sequences that virtually eliminate 
artifacts caused by pulsatile blood 
flow—without increasing acquisi- 
tion time. And EXORCIST pulse 
sequences that keep respiratory 
motion artifacts to a minimum. 
These advancements enhance 
Signa’s already excellent contrast 
and spatial resolution for detailed 
studies of the liver, kidneys, vascu- 


oy lature and genitourinary tract. 


Image courtesy of Sunrise Diagnostic 


Center, Las Vegas 


20 minutes. Minute changes in 
anatomy— rotator cuff and 
meniscal tears, [MJ derangements, 
and collateral ligament disease— 
can be clearly visualized due to 
Signa’s high sensitivity and spec- 
ificity, and its capability for small, 
off-center FOV imaging. 





A continuum 
of excellence 





Our recent innovations in body 
imaging are just one example of 
other Signa applications to come, 
including MR angiography*, cine 
cardiac* and routine spectro- 
scopy:* Also, the integrated exam 
—combining imaging and spectro- 
scopy—which is now being per- 
formed at a number of Signa 
research sites. 





A growing body of work 





Excellent body studies have 
become a clinical reality for Signa 
users, due te innovative new 
motion compensation software. 

This software includes new 
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From head studies that helped 
establish the diagnostic power of 
MR to new applications that will 
determine its future, Signa con- 
tinues to be the leader in MR. 

For more information about the 
Signa system, please call GE 
Medical Systems. 


(800) 624-5692. 
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There’s never been a 
better time to choose GE.. 
See why at RSNA. 


GE Medical Systems 








There are reasons 


SS. XRAY ACCESSORIES 


are preferred... 
PROVEN ine2s'in %fev Departments 
UNEQUALLED in design, construction and—quality 
REPUTATION e 







è Motorized Viewers 

è illuminators 

è Transfer Cabinet 
File Cabinets 

e Protective Panels 

e Protective Aprons 

è Wall Cassette Holders 

e Dryers 

e Safelights 

e Dark Room Cabinets 

e Storage Chests 

e Loading Bins 

-Ray Accessories 

















For more than 30 years, S. & S. has been meeting 
Radiologists needs with a complete line of 
illuminators and accessories. 

Contact S. & S. or your local x-ray dealer for 
additional information. 











MANUFACTURED BY 
S. & S. X-RAY PRODUCTS INC. 


The Complete Line of 
X-Ray Accessories 
Call Toll Free: 800-221-6634 
Telephone: 718-649-8500 
1101 LINWOOD STREET, BROOKLYN, NY 11208 
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Siemens Exhibit at the RSNA 
November 29 - December 4, 1987 


McCormick Place, Chicago 








Beyond Imaging 


Beyond each imaging modality and support service A time for professional enrichment. The exchange of 
we offer there is a commitment to be in touch with the ideas. A welcome chance to learn more about your 
state of your art...and with you, the professionals requirements for tomorrow. And the opportunity to 
who practice it. show you the technological advancements and 
Once a year the RSNA gives us that opportunity. services we have today. 


Computed tomography ® PACS œ Lithotripsy ¢ Linear accelerators + Magnetic resonance ¢ Therapy planning ¢ Mobile image intensifier ¢ Diagnostic 
ultrasound ° X-ray mammography ¢ R/F systems ¢ Data management © Education programs œ Digital imaging ¢ Therapy simulator ¢ Uro-radiology * Mobile 
MR e Nuclear medicine ¢ Site planning © Service plans + Mobile CT ¢ Cardiovascular imaging ® Financial services ¢ Mobile X-ray ¢ Preventive maintenance 
e Special procedures ¢ Health physics ¢ Diagnostic imaging centers © In-service education ¢ Positron emission tomography ¢ Bone mineral dersitometry 
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The NEW 
Ackrad H/S Catheter Set for 
Hysterosalpingography 


Now: Easier on the Patient... 
Better for the Physician 


The unique small sizes (Sand 7F) of the flexible balloon- 
bearing catheter provide previously unavailable free- 
dom from trauma for the patient. A placement sheath 
and inflation syringe are included in the set for a rapid 
and efficient procedure. 


Sample furnished on request. 


ACKRAD LABORATORIES, Inc. 
70 Jackson Drive, P.O. Box 1085, Cranford, NJ 07016 
(201) 276-6390 
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CHIEF, DEPARTMENT OF IMAGING 


PRINCESS MARGARET HOSPITAL 
TORONTO, CANADA 


The Department is responsible for all professional radiologic and 
nuclear medicine services at the Princess Margaret Hospital, a 
Provincial Cancer Hospital with 202 beds. The PMH has a service 
program in radiation and medical oncology with surgical consulta- 
tion, and a teaching and research program in oncology. Over 7000 
new patients with cancer are seen each year together with 165,000 
ambulatory care visits. The Hospital is in the process of rebuilding 
its facilities. 


The Chief should be an experienced physician/administrator with 
a strong commitment to clinical service, departmental administra- 
tion, teaching and research. There are currently five professional 
members in diagnostic radiology, and one in nuclear medicine. 
Equipment includes CT, ultrasound, MRI. 


Applicants should have certification in Diagnostic Radiology from 
the Royal College of Physicians & Surgeons (Canada) or equivalent, 
and demonstrated administrative skills as well as clinical. In accord- 











LOCUM TENENS and PERMANENT 
INTERVENTIONAL RADIOLOGIST 


Aramco’s Dhahran Health Center in Saudi Arabia needs Inter- 
ventional Radiologists to join a staff of seven doing general 
diagnostic radiology, specialty diagnostic procedures including 
ultrasound nuclear medicine, computed tomography and inter- 
ventional medicine. Locum assignments are available for 1-3 
months and Board Certification is required. A full-time posi- 
tion is also available. American Board Certification and a mini- 
mum of 2 years experience after residency required. 


Our modern 483-bed hospital, JCAH accredited since 1956, has 
all major specialty services as well as most subspecialties and 
functions as a referral center for a patient population of approx- 
imately 200,000. The medical services organization includes 
four district clinics, one with a new 80-bed hospital. 


These positions offer state-of-the-art health care facilities in 
a multi-national environment. The locum contractor, in addi- 
tion to daily compensation rate, receives a living allowance, 
housing, 4 paid travel days and transportation from and to con- 
tractors point of origin. Permanent positions offer a comprehen- 
sive benefits package. 


For immediate consideration, call Velma Guy at 
1-800-231-7577, ext. 8060 or 713-432-8060. Or send 
resume to Velma Guy, Aramco Services Company, Dept. 
06G-038-7, P.O. Box 4530, Houston, Texas 77210-4530. 
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details please write to Dr. R.S. Bush, Director, Ontario Cancer | 
Institute, 500 Sherbourne Street, Toronto, Canada M4X 1K9. | 


This excellent book will become your 
most valuable tomography reference. 




















Help us to 
serve you 
better..... 


Examine your copy free for 10 days! 
Easy to read! Easy to use! 


You've never seen a tomography book that’s as handy, easy 
to read, and so ready to use! “The Joy of Sectioning — 
Achieving Maximum Results in Tomography” ts certain to 
become your most valuable tomography reference. 





You'll appreciate the logical chapter segments the fre- 
quent and consistent section headings. ..the large type. 
There are all kinds of photographs (270 in all), showing 


positions, procedures, and — most important — excellent 
examples of radiographs 
The Author 


Lois Dowdell knows tomography. She achieved her Ad- 
vanced Certification in radiography in 1977, with credits in 
anatomy and physiology in radiography, image recording 
radiography, radiographic procedures, positioning and pa- 
thology, radiobiology, radiation protecticn and patient care, 
and hospital department management 





USE 


240 pages @ Durable hard cover 
270 photos and illustrations 


ZIP 
CODE 


Examine your new book free for 10 days. 
No obligation whatever! 

You can examine your own copy of “The Joy of Sectioning 
— Achieving Maximum Results in Tomography” now, with 
absolutely no obligation. You'll receive your copy by return 
mail. Then, you look it over for 10 days. Only if you agree it 
is everything you expected will you pay the accompanying 
invoice for $29.95, plus $3.00 for shipping, handling and 
cartoning. If not, then simply return the book in the original 
mailing carton within 10 days, and the invoice will be can- 
celled, with no obligation whatever 








Remember, your zip code 
provides faster, more direct 
delivery of your journals. 
Use iton all correspondence, 
too. 


e Concise, easy-to-read, consistent style of 
presentation and format 

è Emphasis on patient care and positioning 

e Adaptable to any tomography unit and any 
tomographic mode 

è Typical techniques with details on process- 
ing and section levels 

è Typical focal plane dose measurements for 
each patient position 

e Examples of normal, abnormal tomograms 

@ 40 different patient positions and tomog- 
raphic procedures described in step-by- 
Step approach 

e Satisfaction guaranteed! 


Better still, save yourself $3.00. 

Send your check or money order for $29.95 now, and you'll 
be able to put $3.00 in your pocket, because we'll absorb the 
shipping, handling and cartoning costs. (That's a saving of 
10%). Be sure to send your order in right away 


How to order your book: 

Send $3 shipping, cartoning and handling. Send check or money 
order for US$29.95 OR: Advise Hospital / Lab / Clinic name for 
invoicing purposes ($29.95 plus $3.00) 

Unconditional guarantee: you must be satisfied or your 
money back! Prices subject to change. 
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In peripheral arteriography/venography: 


Because you cant be sure now 
” every patient will react... 


Improve the safety profile 







Q Significant improvement in patient comfort. 
Lower incidence of adverse reactions than 
with conventional ionic media.’ 
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Side Effects in Venography Percent of Patients 





Pain 
_ or Discomfort 








Sensation 
$ of heat _ 
Edema 
Skin reaction 
Nausea 
MB lohexo! 
ed — (n = 282) 
Vomiting 0 i 
| 4 E lonic Monomeric Media 
(n 13) 


Thrombophlebitis | 
(superficial) B 


Adapted from Enge.’ 


Q Excellent vascular tolerance. 
Lower incidence of thrombophlebitis. ? 


t Excellent cardiovascular profile. 
Reduced effect on blood pressure 
and heart rate.* 


Pulsation snould be present in the 
artery to be Injected. 
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INJECTION (IOHEXOL) 
INTRAVASCULAR 





PLEASE CONSULT FULL PRODUCT INFORMATION BEFORE USING. 

A SUMMARY FOLLOWS: 

DESCRIPTION: OMNIPAQUE is a nonionic, water-soluble radiographic contrast medium 
for intravascular administration and is provided in iodine concentrations of 240, 300. and 
350 mgl/mL. Each milliliter of iohexol solution contains 1.21 mg tromethamine and 0.1 mg 
edetate calcium disodium with the pH adjusted between 6.8 and 7.7 with hydrochloric acid or 
sodium hydroxide. but it contains no preservatives 

CONTRAINDICATIONS: OMNIPAQUE should not be administered to patients with a known 
hypersensitivity to iohexol. 

WARNINGS: OMNIPAQUE should be used with extreme care in patients with: severely impaired 
renal and/or hepatic function; severe thyrotoxicosis, hyperthyroidism, or an autonomously 
functioning thyroid hodule, diabetes with a serum creatinine level above 3 mg/dL. Not 
recommended for use in patients with anuria. 

Patients with known or suspected pheochromocytoma should receive a minimum of contrast 
medium if benefit of the exam is judged to outweigh risk; blood pressure should be monitored 
hl the procedure, and measures for the treatment of hypertensive crisis should be readily 
available. 

Contrast agents are potentially hazardous in patients with multiple myeloma or other 
paraproteinemia, particularly those with therapeutically resistant anuria. The combination of 
contrast agent and dehydration may precipitate myeloma protein in the renal tubules. No form of 
therapy, including dialysis, has been successful in reversing the effect. Myeloma, which occurs 
most commonly in persons over age 40, should be considered before instituting intravascular 
administration of contrast agents 
PRECAUTIONS: Diagnostic procedures that involve the use of radiopaque diagnostic agents 
should be carried out under the direction-of personnel with the prerequisite training and with a 
thorough knowledge of the particular procedure to be performed. Appropriate facilities should be 
available for coping with any complication of the procedure, as well as for emergency treatment of 
severe reactions to the contrast agent itself. Competent personnel and emergency facilities should 
be available for at least 30 to 60 minutes postprocedure. The possibility of serious, life- 
threatening, fatal, anaphylactoid, or cardiovascular reactions should always be considered (see 
ADVERSE REACTIONS). It is of utmost importance that a course of action be carefully planned in 
advance for immediate treatment of serious reactions. Preparatory dehydration is dangerous and 
may contribute to acute renal failure in patients with advanced vascular disease, diabetic patients, 
and in susceptible nondiabetic patients (often elderly with preexisting renal disease). Patients 
should be well hydrated prior to and following iohexol administration. Careful consideration to the 
potential risk of acute renal failure should be given before performing excretory urography in 
diabetic patients with diabetic nephropathy and in susceptible nondiabetic patients (often elderly 
with preexisting renal disease). Immediately following surgery, excretory urography should be 
used with caution in renal transplant recipients. The possibility of an idiosyncratic reaction in 
susceptible patients should always be considered (see ADVERSE REACTIONS). The susceptible 
population includes patients with a history of a previous reaction to contrast media, patients with a 
known sensitivity to iodine per se, and patients with a known clinical hypersensitivity: bronchial 
asthma, hay fever, and food allergies. A thorough medical history with emphasis on allergy and 
hypersensitivity, prior to the injection of any contrast media, may be more accurate than pretesting 
in predicting potential adverse reactions. 

A positive history of allergies or hypersensitivity does not arbitrarily contraindicate the use of a 
contrast agent where a diagnostic procedure is thought essential, but caution should be exercised 
(see ADVERSE REACTIONS). Premedication with antihistamines or corticosteroids to avoid or 
minimize possible allergic reactions in such patients should be considered. Recent reports 
indicate that such pretreatment does not prevent serious, life-threatening reactions but may reduce 
both their incidence and severity 

Even though the osmolality of OMNIPAQUE is low compared to diatrizoate- or iothalamate- 
based ionic agents of comparable iodine concentration, the potential transitory increase in 
circulatory osmotic load in patients with congestive heart failure requires caution during injection. 
These patients should be observed for several hours following the procedure to detect delayed 
hemodynamic disturbances. 

Angiography should be avoided whenever possible in patients with homocystinuria, because of 
the risk of inducing thrombosis and embolism. 

In angiographic procedures, the possibility of dislodging plaques or damaging or perforating 
the vessel wall should be borne in mind during the catheter manipulations and contrast medium 
injection. Test injections to ensure proper catheter placement are recommended. 

Selective coronary arteriography should be performed only in those patients in whom the 
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If nondisposable equipment is used, scrupulous care should be taken to prevent residual 
contamination with traces of cleansing agents. 

Drug/Laboratory Test Interaction: lf iodine-containing isotopes are to be administered for the 
diagnosis of thyroid disease, the iodine-binding capacity of thyroid tissue may be reduced for up 
to 2 weeks after contrast medium administration. Thyroid function tests which do not depend on 
iodine estimation, eg, T; resin uptake or direct thyroxine assays, are not affected. 


OMNIPAQUE’ 


QMNIPAQUE® injection (iohexol) 


Carcinogenesis, Mutagenesis, Impairment of Fertility: No long-term animal studies have 
been performed to evaluate carcinogenic potential, mutagenesis, or whether OMNIPAQUE can 
affect fertility in men or women. 

Pregnancy Category B: Reproduction studies have been performed in rats and rabbits with up 
to 100 times the recommended human dose. No evidence of impaired fertility or harm to the fetus 
has been demonstrated due to OMNIPAQUE. There are, however, no studies in pregnant women. 
Because animal reproduction studies are not always predictive of human response, this drug 
should be used during pregnancy only if clearly needed. 

Nursing Mothers: It is not known to what extent iohexol is excreted in human milk. However, 
many injectable contrast agents are excreted unchanged in human milk. Although it has not been 
established that serious adverse reactions occur in nursing infants, caution should be exercised 
when intravascular contrast media are administered to nursing women. Bottle feedings may be 
Substituted for breast feedings for 24 hours following administration of OMNIPAQUE 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS: Usually mild to moderate in severity. However, serious. life-threatening, 
and fatal reactions, mostly of cardiovascular origin, have been associated with the administration 
of iodine-containing contrast media including OMNIPAQUE. The injection of contrast media is 
frequently associated with the sensation of warmth and pain, especially in peripheral angiography: 
ee warmth are less frequent and less severe with OMNIPAQUE than with many contrast 
media 

Cardiovascular System: Arrhythmias including PVCs and PACs (3%), angina’ chest pain (2%), 
and hypotension (1%). Others including cardiac failure, asystole, bradycardia, tachycardia, and 
vasovagal reaction were reported with an individual incidence of less than 0.8%. In controlled 
Clinical trials involving 900 patients, one fatality occurred. A cause-and-effect relationship between 
this death and iohexol has not been established. 

Nervous System: Pain (6%), photomas (3%), headache (2%), and metallic taste (0.8%). Others 
including anxiety, blurred vision, dizziness, fever, motor and speech dysfunction, convulsion, 
lightheadedness, paresthesia, somnolence, vertigo, stiff neck, hemiparesis, and nystagmus were 
reported, with an individual incidence of less than 0.3% 

Respiratory System: Dyspnea and laryngitis, with an individual incidence of 0.1% 
Gastrointestinal System: Nausea (2%) and vomiting (0.5%). Others including diarrhea, 
dyspepsia, and dry mouth were reported, with an individual incidence of 0.1% 

Skin and Appendages: Urticaria (0.3%) and purpura (0.1%) 

General Adverse Reactions to Contrast Media: The following reactions have been reported 
after administration of other intravascular iodimated contrast media. Reactions due to technique: 
hematomas and ecchymoses. Hemodynamic reactions: vein cramp and thrombophlebitis 
following intravenous injection. Cardiovascular reactions. rare cases of cardiac arrhythmias, reflex 
tachycardia, chest pain, cyanosis, hypertension, hypotension, peripheral vasodilatation, shock. 
and cardiac arrest. Renal reactions: occasionally, transient proteinuria; rarely, oliguria or anuria. 
Allergic reactions: asthmatic attacks, nasal and conjunctival symptoms, dermal reactions such as 
urticaria with or without pruritus, as well as pleomorphic rashes, sneezing, and lacrimation: rarely, 
anaphylactic reactions. Rare fatalities have occurred due to these or unknown causes. Signs and 
symptoms related to the respiratory system: pulmonary or laryngeal edema, bronchospasm, 
dyspnea; or fo the nervous system: restlessness, tremors, convulsions. Other reactions. flushing, 
pain, warmth, metallic taste, nausea, vomiting, anxiety, headache, confusion, pallor, weakness, 
sweating, localized areas of edema (especially facial cramps), neutropenia, and dizziness. Rarely, 
immediate or delayed rigors can occur, sometimes accompanied by hyperpyrexia. infrequently, 
“iodism” (salivary gland swelling) from organic iodinated compounds appears 2 days after 
exposure and subsides by the sixth day. 

In general, the reactions that are known to occur upon parenteral administration of iodinated 
contrast agents are possible with any nonionic agent. Approximately 95% of adverse reactions 
accompanying the use of water-soluble intravascularly administered contrast agents are mild to 
moderate in degree. However, severe, life-threatening anaphylactoid reactions, mostly of 
cardiovascular origin, have occurred 

Reported incidences of death range from 6.6 per 1 million (0.00066%) to 1 in 10,000 (0.01%), 
Most deaths occur during injection or 5 to 10 minutes later, the main feature being cardiac arrest, 
with cardiovascular disease as the main aggravating factor. Isolated reports of hypotensive 
collapse and shock are found in the literature. The incidence of shock is estimated to be 1 out of 
10,000 (0.005%) patients 

Adverse reactions to injectable contrast mecia fall into two categories: chemotoxic reactions 
and idiosyncratic reactions. 

Chemotoxic reactions result from the physicochemical properties of the contrast media, the 
amount of dose injected, and the speed of injection. All hemodynamic disturbances and injuries to 
organs or vessels perfused by the contrast mecium are included in this category 

Idiosyncratic reactions include al! other reactions. They occur more frequently in patients 20 to 
40 years old. Idiosyncratic reactions may or may not be dependent on the amount of dose injected, 
the speed of injection and the radiographic procedure. Idiosyncratic reactions are subdivided into 
minor, intermediate, and severe. The minor reactions are self-limited and of short duration: the 
severe reactions are life-threatening and treatment is urgent and mandatory. 

The reported incidence of adverse reactions to contrast media in patients with a history of 
allergy is twice that in the general population. Patients with a history of previous reactions to a 
contrast medium are three times more susceptidle than other patients. However, sensitivity to 
contrast media does not appear to increase with repeated examinations. 

Most adverse reactions to injectable contrast media appear within 1 to 3 minutes after the start 
of injection, but delayed reactions may occur. 

Regardless of the contrast agent employed, the overall estimated incidence of serious adverse 
reactions is higher with angiocardiography tham with other procedures. Cardiac decompensation, 
serious arrhythmias, angina pectoris, or myocardial ischemia or infarction may occur during 
angiocardiography and left ventriculography. Eectrocardiographic and hemodynamic abnor- 
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GE ULTRASOUND CASE STUDY 





Assessment of complications 
m early pregnancy 


ransvaginal ultrasound 
represents an important 
advancement in assessing 
complications in early pregnancy, 
offering several advantages over 


conventional transabdominal 
scanning. 


A 5 MHz GE Transvaginal sector 
transducer is applied directly to 
the uterus through the vaginal 


fornix. The need for a full bladder 


is eliminated, as is the diagnostic 
uncertainty created by an 
inadequately filled bladder. The 
distortion caused by overfilling, as 
with the transabdominal 
ultrasound technique, is also 
eliminated. Transvaginal image 
quality is not affected by maternal 
obesity or a retroflexed uterus. 
Transvaginal ultrasound also per- 
mits the use of higher frequency 
transducer elements for improved 
axial resolution and optimal 
lateral resolution, as seen in the 
following case study. 
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Fig. 1—Transvaginal scan of uae ened 
shows three gestational sacs, one of which 


is out of the imaging lane. Amniotic 
membrane between identical twins is 
seen. Image demonstrates the thicker and 
more echogenic chorion separating the 
identical twins. 





Case study 





A 25-year-old patient with vaginal 
bleeding was referred to confirm 
fetal viability nine weeks following 
in vitro fertilization and embryo 
transfer. A transabdominal scan 
demonstrated three gestational sacs 
within the uterine cavity, one sac 
containing two embryos and the 
other sacs containing one embryo 
each. No separating membrane 
could be defined between the em- 
bryos in the single sac, and cardiac 
activity could not be observed in 
one of the fraternal embryos. 


A transvaginal scan was then per- 
formed using the GE 5 MHz Trans- 
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vaginal probe and the RT 3600 
system. The scan demonstrated 
cardiac activity in all four embryos, 
and identified a membrane in the 
single sac, (Fig. 1) indicating diam- 
niotic monochorionic twins. 





Conclusion 





Unequivocal sonographic diag- 
nosis in early pregnancy requires 
clear visualization of very small 
structures. The resolution afforded 
by transvaginal scanning permitted 
the visualization of a nine week 
multiple gestation, with precise 
identification of detail. The ability 
to demonstrate cardiac activity 
also permitted the physician to 
eliminate the likelihood of spon- 
taneous abortion at an earlier 
gestational stage. 


The certainty afforded by vis- 
ualization of a live embryo in the 
endometrial cavity clarifies diag- 
nostic considerations, assures the 
patient, and eliminates the need 
for follow-up scans. 
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The GE ultrasound 
advantage 


GE ultrasound provides superior 
image quality, resolution and 
acoustic access necessary for a 
variety of procedures. A wide 
choice of fully electronic phased 
array probes are lightweight and 
easy to use. 


‘To receive a detailed discussion of 
the case presented here, call GE at 
1-800-624-5692 and request 
Ultrasound Clinical Symposium 
No. 7388. 
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facturers are given for equipment and nongeneric drugs. 


Title Page 

The following information is given: title of article; 
names and complete addresses (including zip code) of all 
authors; current addresses of authors who have moved since 
study; acknowledgment of grant or other assistance. The 
corresponding author is clearly identified, and a current ad- 
dress and phone number are given. 

__ Two copies of a blind title page are included giving 
only the title (without the authors’ names) for use in the review 
process. 





Abstract 


___ An abstract of approximately 200 words concisely 
states the purpose, methods, and results of the study in one 
paragraph. Actual data are included. Conclusions are stated 
in a second, summary paragraph. 

No abbreviations or reference citations are used. 





References ~ Tables are numbered in the order in which they are 
cited in the text. 

~ Abbreviations are defined in an explanatory note 
below each table. 

-... Tables are self-explanatory and do not duplicate 
data given in the text or figures. 

~ All arithmetic (percentages, totals, differences) has 
been double checked for accuracy, and tabular data agree 
with data given in the text. 


om nu. References (not to exceed 35) are typed double- 
spaced starting on a separate page and are numbered con- 
secutively in the order in which they appear in the text. 
MESANE All references are cited in the text and are enclosed 
in brackets and typed on line with the text (not superscript). 
SN Unpublished data are not cited in the reference list, 
but are cited parenthetically in the text, for example, (Smith 
DJ, personal communication), (Smith DJ, unpublished data). 


This includes papers submitted, but not yet accepted, for Figures and Legends 


publication. 

o -—— Inclusive page numbers (e.g., 333-335) are given —— TWO complete sets of original figures are submitted 

for all references. unmounted in labeled envelopes. 

eae Journal names are abbreviated according to Index  ——————- Figures are clean, unscratched, 5 x 7 in. (13 x 18 

Medicus. cm) glossy prints with white borders. A separate print is 

die Style and punctuation of references follow the for- Submitted for each figure part. 

mat illustrated in the following examples (all authors are listed 9 -All figure parts relating to one patient are in one 

when six or less; when seven or more authors, the first three figure. 

are listed, followed by “et al”), O >fŤCŤűġCŭűüaüaaaa Each figure is labeled on the back with the figure 
number and an arrow indicating “top.” Labeling is done on a 

Journal article gummed label, which is then affixed to the back of the print. 


1. Long RS, Roe EW, Wu EU, et al. Membrane oxygenation: radiographic 


Never : of fi 
p aranca AIR eea 2E 1200 (Never use ink on front or back of figures.) 


a ee Author’s names are not written on the backs of 


sie ; h LW, Cohen AR. P nae, 
. Smith LW, . Path . Baltimore: Willi | 
A a alee AR. Pathology of tumors, 6th ed. Baltimore: Wiliams & — ` Only removable (rub-on) arrows and letters are used 
. on the figures. Symbols are uniform in size and style and are 
Chapter in a book not broken or cracked 
3. Breon AJ. Serum monitors of bone metastasis. in: Clark SA, ed. Bone | i ee vee 
metastases. Baltimore: Williams & Wilkins, 1983:165-180 EREET Images are uniform in size and magnification. 


Paper presented at a meeting ee — Line drawings are done in black ink on a white 
4. Lau FS, Kirk AN, Beck RA. MR imaging of the spine. Presented at the background and are of professional quality. (Only glossy 
annual meeting of the American Roentgen Ray Society, Washington, DC, April prints, not originals or photocopies, are acceptable.) 
1986 eee - Written permission has been obtained for use of all 
Tables previously published illustrations (and copies of permission 
letters are included), and an appropriate credit line is given in 
EEE Each table is typed double-spaced on a separate the legends. 


page without vertical or horizontal rules; each has a short, - Legends are typed double-spaced, and figure num- 
descriptive title. Tables do not exceed two pages in length bers correspond with the order in which the figures are cited 
and contain at least four lines of data. in the text. 
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is hereby transferred to the American Roentgen Ray Society (for United States government employees to the extent transferable), effective if and when the article 
is accepted for publication in the American Journal of Roentgenology. in the case of the authors who are officers or employees of the United States government. 
the American Roentgen Ray Society recognizes that works prepared by officers or employees of the United States government as part of their official government 
duties are in the public domain. 

Authors reserve ail proprietary rights other than copyright, such as patent rights and the right to use all or part of this article in future works of their own. The 
authors retain the right of replication, subject only to crediting the original source of publication and receiving written permission from the publisher. 

Authors guarantee that this manuscript contains no matter that is fibelous or otherwise unlawful, invades individual privacy, or infringes any proprietary rights. 

Authors understand that they will receive no royalty or other compensation from the American Roentgen Ray Society or the publisher. 

Finally, the authors certify that none of the material in this manuscript has been published previously or is currently under consideration for publication elsewhere. 
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Case Reports p 


A case report is a brief description of a special case that 
provides a message that transcends the individual patient. 

Format. There is no abstract. The introduction should 
be a short paragraph giving the general background and 
the specific interest of the case. No more than one case 
should be described in detail (similar ones can be men- 
tioned briefly in the discussion). Emphasis should be on 
the radiologic aspects; clinical information must be limited 
to that necessary to provide a background for the radiol- 
| ogy. The discussion should be succinct and should focus 
| on the specific message and relevance of radiologic meth- 
ods. A review of the literature is not appropriate. 

Length. Maximum of five double-spaced, typewritten 
pages, including the references but not the title page or 
figure legends. 

References. Maximum of eight. 

Figures. Maximum of three or four, unless the text is 
shortened accordingly. Legends must not repeat the text. 

Tables and Acknowledgments. Not appropriate in case 
reports. 











— 











| Pictorial Essays 
e 


A pictorial essay is an article that conveys its messag 
through illustrations and their legends. Unlike other AJR 
articles, which are based on original research, pictorial 
essays serve primarily as teaching tools, like exhibits at a 
scientific meeting. They are not encyclopedic book chap- 
ters. No abstract is necessary. 

Length. Maximum of four double-spaced, typewritten 
pages, including the references but not the title page or 
figure legends. 

References. Maximum of four. 

Figures. Maximum of 30 figure parts. Number should be 
as few as necessary to convey the message of the paper. 

Tables and Acknowledgments. Not appropriate in pic- 
torial essays. 
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Opinions, Commentaries, and Perspectives 


Opinions, commentaries, and perspectives are special 
articles dealing with controversial topics or issues of spe- 
cial concern to radiologists. 

Format. include a title page but no abstract. Headings 
may be used to break up the text. 

Length. Maximum of five double-spaced, typewritten 
pages. 











| Technical Notes 


A technical note is a brief description of a specific 
technique or procedure, modification of a technique, or 
equipment of interest to radiologists. 

Format. No abstract, headings, or subheadings are re- 
quired. If headings are used, they should be a combination 
of “Case Report,” “Materials and Methods,” “Results,” and 
“Discussion.” A brief one-paragraph introduction should 
be included to give the general background. Discussion 
should be limited to the specific message, including the 
uses of the technique or equipment. Literature reviews 
and lengthy case reports are not appropriate. 

Length. Maximum of five double-spaced, typewritten 
pages, including the references but not the title page or 
figure legends. 

References. Maximum of eight. 

Figures. Maximum of two, unless the text is shortened 
accordingly. 

Tables and Acknowledgments. Not appropriate in tech- 
nical notes. 
























Letters to the Editor and Replies 


Letters to the Editor and Replies should offer objective 
and constructive criticism of published articles. Letters 








References. Maximum of five. 
Tables and Figures. Maximum of four. 












may also discuss matters of general interest to raciolo- 
gists. 

Format. All letters should be typed double-spaced on 
nonletterhead paper, with no greeting or salutation. Sig- 
nature and affiliation should appear at the end of the letter. 
Titles for letters should be short and pertinent. The title for 
a reply is simply “Reply.” 

Length. Maximum of two double-spaced, typewritten 
pages, including references. 

References. Maximum of four. 

Figures. Maximum of two. 

Tables and Acknowledgments. Not appropriate in Let- 
| ters to the Editor and Replies. 














Computer Page Articles 


Articles published on the computer page deal with prac- 
tical computer applications to radiology. 

Format. Include a title page but no abstract. 

Length. Maximum of eight double-spaced, typewritten 
pages. 

References. Maximum of five. 

Figures and Tables. Maximum of five. Computer print- 
outs are not acceptable. Figures must be submitted as 5 
x 7 in. glossy prints. 








All submissions to the AJR must be accompanied by a completed copy of the Author’s Checklist and the signed 
Copyright Agreement. 
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Kodak processors set the standards for reliability 
and dependability—and support—in departments 
of every size in medical facilities everywhere. 


Kodak developed the roller transport film processor, and 
the rest of the world has been playing catch-up ever 
since. Kodak X-Omat processors are known for reliability, 
dependability, and consistency. And for support: Kodak 
representatives and service people stand behind every 
one. The line now includes the M35A for the smallest 
operations. Plus the M8 and M6B for the largest, and the 
M7B for anything in between. 

If you don’t yet have the speed and 
=- Consistency of automation, or 
. if you don‘ have the reliability 

| and backup of Kodak, talk to 
í your Kodak representative. 






The new vision of Kodak 


© Eastman Kodak Company, 1987 


Kodak 


Official Diagnostic 
Imaging Products 
Sponsor of the 1988 
Olympic Games 
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Get the complete story MEDICAL INSTRUMENTATION 
on the new medical technologies 

and instrumentation of today...and 
tomorrow 







INSTRUMENTATION 


The official journal of the Association for the Advancement of Medical Instrumentation 
Editor-in-Chief: Charles A. Rawlings, Ph.D., C.C.E. 


If you are involved in the design, manufacturing, and upcoming special issues include — 
clinical application, specification, regulation, or 
administrative facets of medical device technology, 
make MEDICAL INSTRUMENTATION the first 
journal you reach for when you want the latest 
developments, innovations, and advances in this 
fast-paced field. 

Each bimonthly issue alerts you to trends and 


e Environmental Therapeutic Devices for 
Infants 

e Lasers in Medicine 

e Neurologic Instrumentation and Techniques 

e Alternative Communication Devices 

e Respiratory Equipment 


forecasts in the development, design, regulation, MEDICAL INSTRUMENTATION ’s coverage 
and clinical applications of medical instruments, spans the disciplines, giving you a well-rounded 
devices, and systems. Original papers and timely perspective on trends in many areas — instrumen- 
articles help you keep pace with changes in the field tation for cardiovascular monitoring...clinical 
that can have great effect on your work...new engineering...certification...instrumentation in 
government standards and codes...new clinical anesthesiology. 
uses...new approaches to enhancing quality, relia- Keep pace with technology and subscribe to 
bility, safety...key technologic breakthroughs MEDICAL INSTRUMENTATION today! Just clip 
...and more. out the coupon below or call FREE 1-800-638-6423 

Several special issues yearly are carefully planned from anywhere in the U.S. (except Alaska), or call 
around a single topic of current interest. Recent COLLECT in Maryland at 528-4105. 
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In intrathecal imaging: 


Because you cant be sure now 
every patient will react.. 


Improve the safety protie 


Better patient tolerance, measured 
subjectively and objectively." 








Reactions After Myelography 





No reaction 





Headache 


Nausea 





Vomiting 


Pain 
Dizziness 


Mental symptoms _ 
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i i (n = 1,624) 
Other reactions kl Me TTI ral TiC 1e 
(n = 450) 





Adapted from Shaw el at.‘ Datanon file Wi nthrop Ph armaceuticals 

All adverse reactions reported are included and are irrespective © Le 
relationship. If a patient had more than one t type of reaction, eac hi ountec 
separately under the respective reaction type 


Q Lower incidence of EEG changes 
compared with iopamidol or metrizamide.®> 


+ Excellent diagnostic quality. 
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OMNIPAQUE’ 


INJECTION (lIOHEXOL) 
INTRATHECAL 





PLEASE CONSULT FULL PRODUCT INFORMATION BEFORE USING. A SUMMARY FOLLOWS. 


DESCRIPTION: OMNIPAQUE is a nonionic. water-soluble radiographic contrast medium for intrathecal 
administration in concentrations of 180. 240, and 300 mgl mL Each milliliter of sohexo! solution contains 121 mg 
lromethamine and 0.1 mg edetate calcium disodium with the pH adjusted between 6 8 and 7 7 with hydrochloric 
acid or sodium hydroxide All solutions are sterilized by autoclaving, are nonpyrogenic. and contain no 
preservatives, SO unused portions should be discarded 


CONTRAINDICATIONS-Intrathecal: OMNIPAQUE should not be administered to patients with a known 
hypersensitivity to iahexol. Myelography should not be performed in the presence of significant local or systemic 
infection where bacteremia is likely Intrathecal administration of corticosteroids with OMNIPAQUE is contraindi 
cated. Because of the possibility of overdosage, immediate repeat myelography in the event of technical failure is 
contraindicated 

WARNINGS-—General: if grossly bloody CSF is encountered. the possible benetits of a myelograptic procedure 
should be considered in terms of the risk to the patient 

Caution is advised in patients with a history of epilepsy severe cardiovascular disease. chronic alcoholism or 
multiple sclerosis 

Elderly patients may present a greater risk following myelography. The need for the procedure in these patients 
should be evaluated carefully Special attention must be paid to dose and concentration of the medium used 
hydration, and technique used 

Patients who are receiving anticonvulsants should be maintained on this therapy Should a seizure occur 
intravenous diazepam or phenobarbital sodium is recommended In patients with a history of seizure act vity who 
are not on anticonvulsant therapy, premedication with barbiturates should be considered 

Prophylactic anticonvulsant treatment with barbiturates should be considered in patients with evidence of 
inadvertent intracranial entry of a large or concentrated bolus of the contrast medium, since there may be an 
increased risk of seizure in such cases 

Drugs that lower the seizure threshold, especially phenothiazine derivatives. includ ng those used for their 
antihistamine or antinauseant properties. are not recommended for use with OMNIPAQUE Others include MAO 
inhibitors, tricyclic antidepressants, CNS stimulants, and psychoactive drugs described as analeptics major 
tranquilizers, or antipsychotic drugs While the contributory role of these medications has not been established 
the use of such drugs should be based on physician evaluation of potential benefits and potential risks Physicians 
have discontinued these agents at least 48 hours before and for at least 24 hours postprocedure Care is required 
in patient management to prevent inadvertent intracranial entry of a large dose or concentrated bolus of the 
medium. Also, effort should be directed to avoid rapid dispersion of the medium causing inadvertent rise in 
intracranial levels (eg. by active patient movement) Direct intracisternal or ventricular administration tor standard 
fadiography (not CT) is not recommended 4 

In most reported cases of major motor seizures with nonionic myelographic media, one or more of the tollowing 
factors were present. Therefore avoid 
e Deviations from recommended procedure or in myelographic management 
e Use in patients with a history of epilepsy 
e Overdosage 
e Intracranial entry of a bolus or premature diffusion of a high concentration of the mediun 
e Medication with neuroleptic drugs or phenothiazine antinauseants 
e Failure to maintain elevation of the head during the procedure. on the stretcher. or in bed 
e Excessive and particularly active patient movement or straining 
PRECAUTIONS—General: Diagnostic procedures that involve the use of radiopaque diagnostic agents should 
be carried out under the direction of personnel with the prerequisite training and with a thorough knowledge of the 
particular procedure to be performed. Appropriate facilities should be available tor coping wilh any complication of 
the procedure, as well as for emergency treatment of reactions to the contrast agent itself Atter parenteral 
administration of a radiopaque agent, competent personnel and emergency facilities should be available. since 
delayed reactions have been reported (see ADVERSE REACTIONS) 

Preparatory dehydration may be dangerous and may contribute to acute renal failure in palients with advanced 
vascular disease, diabelic patients. and in susceptible nondiabetic patients (often elderly with preexist ng renal 
disease). Dehydration in these patients seems to be enhanced by the osmotic diuretic action of contrast agents 
Patients should be well hydrated prior to and following 1ohexo! administration 

The possibility of a reaction, including serious, life-threatening, fatal anaphylactoid. or cardiovascular 
reactions, should always be considered (see ADVERSE REACTIONS) Therefore, it is of utmost importance thal a 
course of action be carefully planned in advance for the immediate treatment of serious reactions. and thal 
adequale and appropriate facilities and personnel he readily available in case of a severe reaction 

The possibility of an idiosyncratic reaction in susceptible patients should always be considered (see ADVERSE 
REACTIONS) The susceptible population includes patients with a history of a previous reaction to contrast media 
patients with a known sensitivity to iodine per se, and patients with a known clinical hypersensitivity bronchial 
asthma, hay fever, and food allergies 

A thorough medical history with emphasis on allergy and hypersensitivity, prior to the injection ot any contrast 
medium, may be more accurate than pretesting in predicting potential adverse reactions 

A positive history of allergy or hypersensitivity does not arbitrarily contraindicate the use of a contrast agent 
where a diagnostic procedure is thought essential. but caution should be exercised (see ADVERSE REACTIONS) 
Premedication with antihistamines or corticosteroids, to avoid or minimize possible allergic reactions in such 
patients, should be considered 

In patients with severe renal insufficiency or failure. compensatory biliary excretion of the drug is anticipated to 
occur, with a slow Clearance into the bile Patients with hepatorenal insufficiency should not be examined unless 
the possibility of benefit clearly outweighs the additional risk Sterile technique must be used with any spinal 
puncture 

When OMNIPAQUE is to be injected using plastic disposable syringes, the contrast medium should be drawn 
into the syringe and used immediately If nondisposable equipment is used, scrupulous care should be taken to 
prevent residual contamination with traces of cleansing agents Parenteral drug products should be 
inspected and discarded if particulate matter or discoloration is present. 

Repeal Procedures. It in the clinical judgment of the physician sequential or repeat examinations are required a 
suitable interval of time between administrations should be observed to allow for normal Clearance of the drug 
from the body 
Information for Patients: When receiving injectable radiopaque diagnostic agents. inform your physician 

If you are pregnant; if you are diabetic, if you have multiple myeloma, pheochromocytoma, homozygous sickle 

cell disease, or known thyroid disorder, if you are allergic to any drugs or food or if you had any reactions to 

previous injections of dyes used for x-ray procedures, about any other medications you are currently taking 
including nonprescription drugs, before you are administered this drug 
Drug Interactions (See WARNINGS-General): In nonelective procedures in patients on the drugs described 
consider prophylactic use of anticonvulsants 
Carcinogenesis, Mutagenesis, Impairment of Fertility: No long-term animal studies have been pertormed 
to evaluate carcinogenic potential, mutagenesis, or whether OMNIPAQUE can affect fertility in men or women 
Pregnancy Category B: Reproduction studies have been performed in rats and rabbits with up to 100 times the 
recommended dose. No evidence of impaired fertility or harm to the fetus has been demonstrated due to 
OMNIPAQUE; there are, however, no studies in pregnant women Because animal reproduction studies are nol 
always predictive of human response, this drug should be used durina preanancv only if clearly indicated 


OMNIPAQUE® injection (iohexo! 





Nursing Mothers: |t is not known to what extent ;ohexol 1s excreted in human milk However, many injectable 
contrast agents are excreted unchanged in human milk Although it has not been established thal serious adverse 
reactions occur in nursing infants, caution should be exercised when intravascular contrast media are 
administered to nursing women. Bottle feed ngs may be substituted for breast feedings tor 24 hours following 
administration of OMNIPAQUE 
Pediatric Use: Satety and etfectiveness in children have not been established 
ADVERSE REACTIONS-Intrathecal: The most frequently reported adverse reactions wth OMNIPAQUE 180 
OMNIPAQUE 240, and OMNIPAQUE 300 are headache mild to moderate pain including backache. neck ache and 
stiffness, nausea and vomiting These reactions usually occur 1 to 10 hours after injection. and almost all occur 
within 24 hours They are usually mild to moderate in degree. lasting for a few hours and usually disappearing 
within 24 hours Rarely. headaches may be severe or persist for days Headache is often accompanied by nausea 
and vomiting and lends to be more frequen’ and persistent in patients not optimally hydrated. Transient alterations 
in vital Signs may occur and their significance must be assessed on an individual basis Those reactions reported 
in Clinical studies with OMNIPAQUE are listed below in decreasing order of occurrence, based on Clinical studies 
of 1.624 patients 
Headaches. The most frequently occurring adverse reaction following myelography has been headache, with an 
incidence of approximately 18%. Headaches may be caused either by a direct effect of the contrast medium or by 
CSF leakage at the dural puncture sile However, in managing the patient, it is considered more important to 
minimize intracranial entry of contrast med um by postural management than to attempt to control possible CSF 
leakage (see PATIENT MANAGEMENT) 
Pain. Mild to moderate pain including backache. neck ache and stiffness, and neuralgia occurred following 
injection. with an incidence of about 8% 
Nausea and Vomiting Nausea was reportec with an incidence of about 6%. and vomiting about 3% (see PATIENT 
MANAGEMENT). Maintaining normal hydration is very important. The use of phenothiazine antinauseants is no! 
recommended (see WARNINGS-General) Reassurance to the patient that the nausea will clear usually is all that is 
required 
Dizziness. Transient dizziness was reported in about 2% of the patients 
Other Reactions Other reactions occurring with an individual incidence of less than 0 1% included: feeling of 
heaviness. hypotension. hypertonia, sensation of heat, sweating vertigo, loss of appetite, drowsiness 
hypertension, photophobia, tinnitus, neuralgia. paresthesia. difficulty in micturition. and neurological changes All 
were transient and mild with no clinical secuelae 
General Adverse Reactions to Contrast Media: Physicians should remain alert for the occurrence of adverse ettects 
in addition lo those discussed above. particularly the following reactions which have been reported in the literature 
for other nonionic, water-soluble myelographic media and rarely with iohexo! These have ncluded. bul are not 
limited to, aseptic and bacterial meningitis and CNS and other neurologic disturbances 

An aseptic meningitis syndrome has been reported rarely (less than 0.01%) It was usually preceded by 
pronounced headaches, nausea. and vomitng Onset usually occurred about 12 to 18 hours postprocedure 
Prominent features were meningismus and fever, sometimes with oculomotor signs and mental confusion. Lumbar 
puncture revealed a high white cell count and high protein content, often with a low glucose level and absence of 
organisms The condition usually started te clear spontaneously about 10 hours after onset. with complete 
recovery over 2 to 3 days 
Allergy or Idiosyncrasy: Chills. tever, profuse diaphoresis, pruritus. urticaria, nasal congestion, dyspnea, and 
Guillain-Barré syndrome 
CNS Irritation: Mild and transitory perceptual aberrations, such as hallucinations, depersonalization, amnesia 
hostility, amblyopia, diplopia photophobia. psychosis. insomnia, anxiety, depression. hyperesthesia. visual or 
auditory or speech disturbances, confusion and disorientation In addition, malaise. weakness. EEG changes 
meningismus, hyperretiexia or arefiexia, hypertonia or flaccidity, hemiplegia, paralysis, quadriplegia, restlessness, 
tremor, echoacousia, echolalia, asterixis, and dysphasia have occurred 

Profound mental disturbances have also rarely been reported: various forms and degrees of aphasia, mental 
confusion, or disorientation Onset is usually at 8 to 10 hours and lasts for about 24 hours Occasional! _ they have 
been manifest as apprehension, agitation, or progressive withdrawal in several instances to the point a 
somnolence, stupor, and coma. In a few cases, these have been accompanied by transitory hearing loss or other 
auditory symptoms and visua’ disturbances (believed subjective or delusional). including unilateral or bilateral 
lass of vision, which may last for hours. In one case. persistent cortical loss of vision has been reported in 
association with convulsions Ventricular block has been reported, amnesia of varying degrees may be present tor 
the reaction event 

Rarely, persistent though transitory weekness in the leg or ocular muscles has been reported Peripheral 
neuropathies have been rare and transitory They include sensory and/or motor or nerve root disturbance. 
myelitis, persistent leg muscle pain or weekness, 6th nerve palsy, or cauda equina syndrome Muscle cramps, 
fasciculation or myoclonia, spinal convulsion, or spasticity are unusual and have responded promptly to a small 
intravenous dose of diazeparr 

In general, the reactions that are known to occur on parenteral administration of iodinated contrast agents are 
possible with any nonionic agent Approximately 95% of adverse reactions accompanying the use of waler-soluble 
contrast agents are mild to moderate in degree However, severe, life-threatening, anaphylactoid, and fatal 
reactions. mostly of cardiovascular origin have occurred Adverse reactions to injectable contrast media fall into 
two categories: Chemotoxic reactions and idiosyncratic reactions 
Chemotoxic reactions result trom the physicochemical properties of the contrast medium. the amount of the dose 
and the speed of injection Ali hemodynamic disturbances and injuries to organs or vessels perfused by the 
contrast medium are included in this category 
Idiosyncratic reactions occur more frequently in patients 20 to 40 years old and may or may not be dependent on 
the amount of dose injected. the speed of injection, and the radiographic procedure They are subdivided into 
minor. intermediate, and severe The minor reactions are self-limited and of short duration. the severe reactions 
are life-threatening, and treatment is urgent and mandatory 

The reported incidence of adverse reactions to the contrast medium in patients with a history of allergy is twice 
that of the general population Patients with a history ot previous reactions to a contrast medium are three times 
more Susceptible than other patients However, sensitivity to contrast media does not appear to increase with 
repealed examination 

Most adverse reactions to injectable contrast media appear within 1 to 3 minutes after the start of injection. but 
delayed reactions may occur 
OVERDOSAGE: Although clinical consequences of overdosage with OMNIPAQUE have not been reported 
physicians should be aware tnat incorrect management of the patient can permit inadvertent early intracranial entry 
of normal doses of the medium, thereby increasing CNS reactions 

The intracisternal LD<p value of OMNIPAQUE (in grams of iodine per kilogram body weight) is greater than 2 0 
in mice 





References: 1. Kieffer SA. Binet EF Davis DO. et al Lumbar myelography with iohexol and metrizamide 

A comparative multicenter prospective study. Radiology 1984: 151.665-670 2. Shaw DD Bach-Gansmo T 
Dahlstrom K: lohexol: summary of North American and European Clinical trials in adult lumbar, thoracic. and 
cervical myelography with a new nonionic contrast medium /nvest Radiol 1985. 20(suppl 1):44-50. 3. Latchaw RE. 
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A 2 second, 10 mm scan of the mid-abdomen 
demonstrates excellent visualization of the periaortic structures. 
Note the fine detail seen in the bowel wall. 
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The new CT 9800 HiLight Detector 


revolutionary new 

detector material from 

the scientists at GE is 
producing CT images of extra- 
ordinary quality. 

With efficiency and sensitivity 
far beyond that of other detectors, 
HiLight brings even greater spatial 
resolution and low contrast detect- 
ability to the CT 9800™ Quick 
system. 

In a standard 2 second scan, 
for example, spatial resolution 
measures 0.65 mm. In the high 
resolution mode—035 mm. Low 
contrast detectability is equally 
impressive—2.5 mm at 0.25% con- 
trast (<4 rads). 

As a result, clinical images are 
remarkable—even by GE standards. 
Improved definition between grey 
and white matter in head studies. 
Superior detection of liver lesions, 
periaortic structures and mesenteric 
vasculature. Clear presentation of 
the smallest details of anatomy 
and pathology in studies of the 
spine, chest, inner ear and orbits. 








































Still the standard 


CT 9800 Quick continues to be 
the system by which all others are 
measured in computed tomo- 
graphy. Its standard features have 
always been exceptional. Routine 
9-second scanning. Ability to scan, 
reconstruct, display and film slices 
in less than 16 seconds. Real-time 
ScoutView,™ dynamic scanning, 
Arrange™ reformatting and a host 
of other features that enhance 
both the clinical effectiveness and 
efficiency of your CT department. 

And now, with the HiLight 
Detector, weve raised our image 
quality standards even higher—so 
you can continue to provide the 
ultimate in CT imaging to your 
patients. 

The CT 9800 Quick system with 
the HiLight Detector. An extraor- 
dinary combination from GE. 

For more information, call GE 
Medical Systems toll free: 


(800) 624-5692. 








No tradeoffs 





Perhaps the most significant 
aspect of imaging with the CT 9800 
Quick/HiLight system is that there 
are no compromises. In any study 
you can combine fast scan times 
with low dose levels and still get 
superior images. 

Which means better pediatric 
studies. More comprehensive 
dynamic scanning. More efficient 
throughput with fewer tube cool- 
ing delays. 

Dose for dose, scan time for 
scan time, there is no better image 
quality available to you in CT today. 
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GE Medical Systems 





S&S STATE-OF-THE-ART 


MAMMOGRAPHIC EQUIPMENT 


Unmatched illumination 
excellence plus versatile 
applications make 
this series THE 
State-of-the-art 
equipment 

for 
viewing 


8x10 
(18x24cm) 
or 10x12 

(24x30cm) 
mammographs. 


A single intensity 
uniform light source 
provides brighter 
illumination per panel. 
The low leakage trigger 
start ballast delivers 
constant “instant-on.” 


S&S state-of-the-art 
features include a 
continuous gravity grip; 
l-piece plexiglas viewing 
panel per tier; and on/off 
rocker switches to 
control individual panels. 
Optional film actuated 
switches are available. 


Maximum flexibility is 
offered. 1-6 bank widths 






















Far superior to stationary 
grid techniques, the 

S&S Moving Grid Bucky 
has been specifically 
designed for simple 
conversion of existing 
non-bucky equipment 
—at a fraction of the 
cost of a totally new 
mammography unit 


This state-of-the-art 
add-on system 
eliminates grid 
lines, greatly 
Improves 
contrast 















and 
dramatically 
improves 
micro- 
calcification 
visibility. 


The 5:1 grid ratio 
reduces scatter radiation 
up to 70%, and lowest 
possible dose rates 


“New Vertifile Systems are ensured by carbon 
specifically designed to store fibre grid and cover 
mammographs are also available. construction. 


In single or 2-tier models 
can be either surface or 
recess mounted. Also, 


2-tier mounting brackets 
allow fixed angulation 
for even more versatility. 
Each tier is constructed 
of 1-piece heavy-duty 
steel for longevity. 


NY State, phone: 
718/ 649-8500 


Elsewhere, phone: 
800/221-6634 





S&S X-RAY PRODUCTS, INC. 


1101 Linwood Street 
Brooklyn, NY 11208 


Adaption of the S&S 
bucky to the film 
plateau of existing 
mammography 
equipment is 
accomplished with 2 
adjustable side clamps 
(supplied). 


Model MB12 is available 
for use with 18x24cm 
film. Model MB24 serves 
24x30cm film. 
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For Evaluating the Overall 
Imaging Performance of 
a Mammographic System 


WE intended as an integral part of a complete mam- 
mography QA program: evaluates x-ray machine, 
screen-film combination and film processor. 


E Contains test objects that simulate mammographic 
indications of breast cancer: punctate calcifications 
and soft tissue fibrillar extensions in adipose tissue. 


WE Includes 5-step air wedge to gauge for image 
contrast. 


76-001-4 Mammographic Phantom... $475.00 


Write, or phone 516-741-6360 today! 
For more details, 
request bulletin 400M-44 


MAVMOGRAPHIC 
QA PHANTOM” 









* Designed by Leonard Stanton, M.S., 
Hahnemann University, 
Philadelphia, PA 19102. 





Federal Agency Recommends ...PLUS 
Joint Commission on Accreditation of Hospitals Requires... 


HOSPITALS MUST MONITOR DOSES FROM 
DIAGNOSTIC RADIOLOGY PROCEDURES! 


RAD-CHECK’® PLUS X-Ray Exposure Meter 
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NUCLEAR ASSOCIATES 


A Division of VICTOREEN. INC 


CARLE PLACE, NY 11514-1593 


(516) 741-6360 
VICTOREEN A Subsidiary of Sheller-Globe SG Victoreen, Inc. 


Will Perform This Function 
Plus Many Others! 


APPLICATIONS... 


E Entrance skin exposure measurements (ESE). 
E Fluoroscopy exposure measurements. 
E Beam quality - half-value layer (HVL). 


ADVANTAGES... 


E Fast, easy to use: Battery operation and built-in 
detector eliminate set-up time. Place RAD-CHECK 
PLUS on x-ray table, collimate, shoot, and read 
the result! 

E Dual range: Dose up to 2 R; dose rate up to 
20 R/min. 


For more information, request bulletin 356M-44 
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TOPICS 


Fundamentals 
Transcranial Doppler 
Real-time color imaging 


Intra-operative assessment - carotid, renal, 
hepatic, intestinal 


What should we measure? 


Who should be responsible for the vascular 
laboratory? 


Deep Doppler - renal, mesenteric, portal, 
aortoiliac, obstetric 


Screening for the asymptomatic carotid 


Standardization of diagnostic criteria and 
reporting terminology 


Carotid placque morphology 

Transcutaneous oxygen tension 

Duplex scanning in peripheral arterial disease 
Duplex scanning in peripheral venous disease 
Applications of MRI in vascular disease 
Workshops in noninvasive instrumentation 
Meet the Professor sessions 


Current research 


WORKSHOPS 


Abdominal Imaging 

Peripheral Arterial Imaging 

Peripheral Arteria! Color Flow 

Segmental Pressures/Stress Testing 

Graft Imaging 

Upper Extremity-Vascular Access and 
Cold Sensitivity 

CW Venous Doppler 


Venous Outflow Testing 


Transcranial Doppler Carotid Color Flow Imaging 


Carotid Doppler with Spectral Analysis 
Vertebral Artery Imaging 

Gee OPG and Peri-orbital Doppler Exam 
Venous Imaging 

Reflux Testing 

Upper Extremity Venous Imaging 


Al6 


INSTRUMENTATION EXPO 
An exposition of the most modern and sophisticated new techniques for 
non-invasive studies of the vascular system. 


ACCREDITATION 

As an organization accredited for continuing medical education, the 
Vascular Disease Foundation designates this continuing medical 
activity as meeting the criteria for 35 hours in Category 1 of the 
Physician's recognition Award of the American Medical Association, 
and for the Certification Program of the California Medical Association. 


ENROLLMENT FEE 

A $550 (in U.S. dollars) enroliment fee covers all lectures, workshops, 
symposia and coffee breaks. The numver of registrants is limited. 
Reservations will be accepted in order of postmark. For further informa- 
tion, please call (619) 453-6222. 


ACCOMMODATIONS AND SETTING 
The Symposium will be held at the Sheraton Harbor Island Hotel 
Special rates are offered (see room reservation form). A block of rooms is 
being held for the group until January 21, 1988 

SHERATON HARBOR ISLAND HOTEL 

1380 Harbor Island Drive 

San Diego, CA 92101 

Telephone (619) 291-2900 
Sheraton Harbor Island Hotel is located on spectacular Harbor Island in 
San Diego Bay—only minutes from the airport and downtown San 
Diego, yet in the heart of the resort area. The hotel offers complimentary 
transportation to and from the airport. It has a private beach, playground 
facilities, sailing, two fresh water pools, tennis courts and a putting 
green. 


SYMPOSIUM REGISTRATION 
VASCULAR DISEASE SYMPOSIUM 


Please Print 


Name (Last) P = = 








(First) (Initial) 





Address s — se 

















Country - Z - 





Tel: Office ( ) 





Speciality i 7 








Make check payable to: O $550 Registration Fee Enclosed 


Vascular Disease Foundation 


ALL FOREIGN PAYMENTS MUST BE MADE BY DRAFT 
ON A U.S. BANK IN U.S. DOLLARS 


Mail to: Nomi Feldman 
Conference Coordinator 
3770 Tansy Street 
San Diego, CA 92121 
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Conray (iothalamate meglumine injection U.S.P. 60%) 


Each milliliter contains 600 mg of iothalamate meglumine, 0.09 mg edetate calcium 
disodium as a stabilizer and 0.125 mg of monobasic sodium phosphate as a buffer. The 
solution provides 28.2%(282 mg/mL) organically bound iodine. 


Conray-43 (iothalamate meglumine injection U.S.P. 43%) 


Each milliliter contains 430 mg of iothalamate meglumine, 0.110 mg edetate calcium 
disodium as a stabilizer and 0.115 mg of monobasic sodium phosphate as a buffer. The 
solution provides 20.2% (202 mg mL) organically bound iodine. 


INDICATIONS AND USAGE 


CONRAY is indicated ‘or use in excretory urography, cerebral angiography, peripheral 
arteriography, venography, arthrography, direct cholangiography, endoscopic retrograde 
cholangiopancreatography, contrast enhancement of computed tomographic brain im- 
ages, cranial computenzed angiotomography, intravenous digital subtraction angiography 
and arterial digital subtraction angiography. 

CONRAY-43 is indicated for use in lower extremity venography, intravenous infusion 
urography, contrast enhancement of computed tomographic brain images and arterial 
digital subtraction angiography. 

CONRAY and CONRAY-43 may also be used for enhancement of computed tomographic 
scans performed for detection and evaluation of lesions in the liver, pancreas, kidneys, 
abdominal aorta, mediastinum, abdominal cavity and retroperitoneal space. Continuous or 
multiple scans separated by intervals of 1-3 seconds during the first 30-90 seconds 
post-injection of the contrast medium (dynamic CT scanning) may provide enhancement of 
diagnostic significance, and may be of benefit in establishing diagnoses of certain lesions in 
these sites with greater assurance than is possible with CT alone, and in supplying 
additional! features of the lesions. In other cases, the contrast agent may allow visualization 
of lesions not seen with CT alone, or may help to define suspicious lesions seen with 
unenhanced CT. Subsets of patients in whom delayed body CT scans might be helpful have 
not been identified. Inconsistent results have been reported and abnormal and normal 
tissues may be isodense during the time frame used for delayed CT scanning. The risks of 
such indiscriminate use of contrast media are well known and such use is not recom- 
mended. At present, consistent results have been documented using dynamic CT tech- 
niques only. 


CONTRAINDICATIONS 


Refer to PRECAUTIONS, General, concerning hypersensitivity. CONRAY and CONRAY-43 
should not be used for myelography. Arthrography should not be performed if infection is 
present in or near the joint. Percutaneous transhepatic cholangiography is contraindicated 
in patients with coagu ation defects and prolonged prothrombin times. Endoscopic retro- 
grade cholangiopancreatography is contraindicated during an acute attack of pancreatitis 
or during severe clinically evident cholangitis and in patients in whom endoscopy is prohibited. 


WARNINGS 


Serious or fatal reactions have been associated with the administration of iodine contain- 
ing radiopaque media. It is of utmost importance to be completely prepared to treat any 
contrast medium reaction. 

Serious neurologic sequelae, including permanent paralysis, have been reported follow- 
ing cerebral arteriography, selective spinal arteriography and arteriography of vessels 
supplying the spinal cord. The intravascular injection of a contrast medium should never be 
made following the administration of vasopressors since they strongly potentiate neuro- 
logic effects. 

In patients with subarachnoid hemorrhage, a rare association between contrast adminis- 
tration and clinical deterioration, including convulsions and death, has been reported. 
Therefore, administration of intravascular iodinated ionic contrast media in these patients 
should be undertaken with caution. 

A definite risk exists in the use of intravascular contrast agents in patients who are known 
to have multiple myeloma. In such instances anuria has developed resulting in progressive 
uremia, renal failure and eventually death. Although neither the contrast agent nor dehy- 
dration has separately proved to be the cause of anuria in myeloma, it has been speculated 
that the combination of both may be causative factors. The risk in myelomatous patients is 
not a contraindication to the procedure; however, partial dehydration in the preparation of 
these patients for the examination is not recommended since this may predispose to 
precipitation of myeloma protein in the renal tubules. No form of therapy, including dialysis, 
has been successful in reversing the effect. Myeloma, which occurs most commonly in 
persons over 40, should be considered before instituting intravascular administration of 
contrast agents. 

Administration of radiopaque materials to patients known or suspected to have pheo- 
chromocytoma sheuld be performed with extreme caution. If, in the opinion of the physician, 
the possible benefits of such procedures outweigh the considered risks, the procedures 
may be performed; however, the amount of radiopaque medium injected should be kept to 
an absolute minimum. The blood pressure should be assessed throughout the procedure, 
and measures fortreatment of a hypertensive crisis should be available. 

Contrast mediahave been shown to promote the phenomenon of sickling in individuals 
who are homozygous for sickle cell disease when the material is injected intravenously or 
intra-arterially. 

Convulsions have occurred in patients with primary or metastatic cerebral lesions 
following the administration of iodine-containing radiopaque media for the contrast en- 
hancement of CT brain images. 

In patients with advanced renal disease. iodinated contrast media should be used with 
caution, and only when the need for the examination dictates, since excretion of the medium 
may be impaired. Patients with combined renal and hepatic disease, those with severe 
hypertension or congestive heart failure, and recent renal transplant recipients may 
present an additional risk. 

Renal failure has been reported in patients with liver dysfunction who were given an oral 
cholecystographic agent followed by an intravascular iodinated radiopaque agent and also 
in patients with accult renal disease, notably diabetics and hypertensives. In these classes 
of patients there should be no fluid restriction and every attempt made to maintain normal 
hydration, prior to contrast medium administration, since dehydration is the single most 
important factor influencing further renal impairment. 

Acute renal failure has been reported in diabetic patients with diabetic nephropathy and 
in susceptible non-diabetic patients (often elderly with pre-existing renal disease) following 


the administration of iodinated contrast agents. Therefore, careful consideration of the 
potential risks should be given before performing this radiographic procedure in these 
atients. 

: Caution should be exercised in performing contrast medium studies in patients with 
endotoxemia and/or those with elevated body temperatures. 

Reports of thyroid storm occurring following the intravascular use of iodinated radio- 
paque agents in patients with hyperthyroidism or with an autonomously functioning thyroid 
nodule, suggest that this additional risk be evaluated in such patients before use of this drug. 
lodine containing contrast agents may alter the results of thyroid function tests which 
depend on iodine estimation, e.g. PBI and radioactive iodine uptake studies. Such tests, if 
indicated, should be performed prior to the administration of this preparation. 


PRECAUTIONS 


General 


Diagnostic procedures which involve the use of iodinated intra-vascular contrast agents 
should be carried out under the direction of personnel skilled and experienced in the 
particular procedure to be performed. All procedures utilizing contrast media carry a 
definite risk of producing adverse reactions. While most reactions may be minor, life 
threatening and fatal reactions may occur without warning. The risk-benefit factor should 
always be carefully evaluated before such a procedure is undertaken. At all times a fully 
equipped emergency cart, or equivalent supplies and equipment, and personnel competent 
in recognizing and treating adverse reactions of all severity, or situations which may arise 
as a result of the procedure, should be immediately available. If a serious reaction should 
occur, immediately discontinue administration. Since severe delayed reactions have been 
known to occur, emergency facilities and competent personnel should be available for at 
least 30 to 60 minutes after administration. (Gee ADVERSE REACTIONS). 

Preparatory dehydration is dangerous and may contribute to acute renal failure in 
infants, young children, the elderly, patients with pre-existing renal insufficiency, patients 
with advanced vascular disease and diabetic patients. 

Severe reactions to contrast media often resemble allergic responses. This has 
prompted the use of several provocative pretesting methods, none of which can be relied on 
to predict severe reactions. No conclusive relationship between severe reactions and 
antigen-antibody reactions or other manifestations of allergy has been established. The 
possibility of an idiosyncratic reaction in patients who have previously received a contrast 
medium without ill effect should always be considered. Prior to the injection of any contrast 
medium, the patient should be questioned to obtain a medical history with emphasis on 
allergy and hypersensitivity. A positive history of bronchial asthma or allergy, including food, 
a family history of allergy, or a previous reaction or hypersensitivity to a contrast agent may 
imply a greater than usual risk. Such a history, by suggesting histamine sensitivity and 
consequently proneness to reactions, may be more accurate than pre-testing in predicting 
the potential for reaction, although not necessarily the severity or type of reaction in the 
individual case. A positive history of this type does not arbitrarily contraindicate the use of a 
contrast agent, when a diagnostic procedure is thought essential, but does call for caution. 
(See ADVERSE REACTIONS). 

Prophylactic therapy including corticosteroids and antihistamines should be considered 
for patients who present with a strong allergic history, a previous reaction to a contrast 
medium, or a positive pre-test since in these patients the incidence of reaction is two to 
three times that of the general population. Adequate doses of corticosteroids should be 
started early enough prior to contrast medium injection to be effective and should continue 
through the time of injection and for 24 hours after injection. Antihistamines should be 
administered within 30 minutes of the contrast medium injection. Recent reports indicate 
that such pre-treatment does not prevent serious life-threatening reactions, but may 
reduce both their incidence and severity. A separate syringe should be used for these 
injections. 

General anesthesia may be indicated in the performance of some procedures in young 
or uncooperative children and in selected adult patients; however, a higher incidence of 
adverse reactions has been reported in these patients, and may be attributable to the 
inability of the patient to identify untoward symptoms or to the hypotensive effect of 
anesthesia which can prolong the circulation time and increase the duration of contact of 
the contrast agent. 

Angiography should be avoided whenever possible in patients with homocystinuria 
because of the risk of inducing thrombosis and embolism. 

Information for Patients: Patients receiving iodinated intra-vascular contrast agents should 
be instructed to: 

1. Inform your physician if you are pregnant. 

2. Inform your physician if you are diabetic or if you have multiple myeloma, pheochro- 

mocytoma, homozygous sickle cell disease or known thyroid disease. (See WARNINGS). 

3. Inform your physician if you are allergic to any drugs, food or if you had any reactions to 

previous injections of dyes used for x-ray procedures. (See PRECAUTIONS, General). 

4. Inform your physician about any other medications you are currently taking including 

non-prescription drugs. 

Carcinogenesis. Mutagenesis, Impairment of Fertility: No long-term animal studies have 
been performed to evaluate carcinogenic potential. However, animal studies suggest that 
this drug is not mutagenic and does not affect fertility in males or females. 

Pregnancy Category B: Reproduction studies have been performed in mice, rats, and 
rabbits at doses up to 6.6 times the human dose and have revealed no evidence of impaired 
fertility or harm to the fetus due to CONRAY. There are however no adequate and well 
controlled studies in pregnant women. Because animal reproduction studies are not always 
predictive of human response, this drug should be used during pregnancy only if clearly 
needed. 

Nursing Mothers: lothalamate salts are excreted unchanged in human milk. Because of 
the potential for adverse effects in nursing infants, bottle feedings should be substituted for 
breast feedings for 24 hours following the administration of this drug. 


PRECAUTIONS FOR SPECIFIC PROCEDURES: 
Excretory Urography 


Infants and small children should not have any fluid restrictions prior to excretory 
urography. Injections of CONRAY and CONRAY-43 represent an osmotic load which, if 
superimposed on increased serum osmolality due to partial dehydration, may magnify 
hypertonic dehydration. (Gee WARNINGS and PRECAUTIONS, General concerning pre- 
paratory dehydration). 


Brief summary continued on last page of ad. 


As versatile as the 


Conray-43 (iothalamate meglumine injection U.S.P 43%): 
Unique benefits for CT and venography 


Conray®-43 provides an ideal iodine concentration for use in lower extremity 
venography, CT scans, and infusion urography. Conray-43 combines good 
visualization with low toxicity and excellent patient tolerance. Because of its low 
viscosity, Conray-43 offers a shorter infusion time for a 200 mL dose versus 
150 mL dose of 60% solution. The lower osmolality of Conray-43 compared to a 
60% conventional agent may mean less post-procedural phlebitis, with no loss 
of imaging quality. 

For routine CT and lower extremity venography procedures, give your 
patients the unique benefits of Conray-43—the affordable, 
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are affordable 


Conr AY (iothalamate meglumine injection U.S.P 60%): 
A proven performer 


Conray® offers you reliable performance, proven in over 15 million procedures 
in the last five years, ranging from IVPs to enhancement of CT images. Conray 
provides an iodine content that yields good visualization with low toxicity and 
good patient tolerance. 

The viscosity allows for bolus injection or rapid infusion, where necessary. 
And the variety of vial and bottle sizes lets you choose the Conray volume and 
mode of administration you need in your practice. 

With this kind of clinical versatility and affordability, 
its no surprise that Conray is the #1 brand of conventional 
iodinated contrast media—the standard 


by which all others are judged. Changing the look of medicine 





Continuation of brief summary for Conray® and Conray®-43 


Cerebral Angiography 

Cerebral angiography should be performed with special caution in patients with ad- 
vanced arteriosclerosis, severe hypertension, cardiac decompensation, senility, recent 
cerebral thrombosis or embolism, and migraine. 


Peripheral Arteriography and Venography 

Moderate decreases in blood pressure occur frequently with intra-arterial (brachial) 
injections. This change is usually transient and requires no treatment, however, the blood 
pressure should be monitored for approximately ten minutes following injection. Special 
care is required when venography is performed in patients with suspected thrombosis, 
phlebitis, severe ischemic disease, local infection or a totally obstructed venous system. In 
the presence of venous stasis, vein irrigation with normal saline should be considered 
following the procedure. Venography is optimally performed with a more dilute solution 
such as Conray”-43 (lothalamate Meglumine Injection USP 43%). 

Extreme caution during injection of the contrast agent is necessary to avoid extravasa- 
tion and fluoroscopy is recommended. This is especially important in patients with severe 
arterial or venous disease. 


Arthrography 

During arthrography, strict aseptic technique is required to prevent the introduction of 
infection. Fluoroscopic control should be used to insure proper introduction of the needle 
into the synovial space and prevent extracapsular injection. Aspiration of excessive synovial 
fluid will reduce the pain on injection and prevent the rapid dilution of the contrast agent. It is 
important that undue pressure not be exerted during the injection. 


Direct Cholangiography 

In the presence of acute pancreatitis, direct cholangiography, if necessary, should be 
employed with caution, injecting no more than 5 to 10 mL without undue pressure. Percuta- 
neous transhepatic cholangiography should only be attempted when compatible blood for 
potential transfusions is in readiness and emergency surgical facilities are available. The 
patient should be carefully monitored for at least 24 hours to insure prompt detection of bile 
leakage and hemorrhage. Appropriate pre-medication of the patient is recommended and 
drugs which are cholespastic, such as morphine, should be avoided. Respiratory move- 
ments should be controlled during introduction of the needle. 


Endoscopic Retrograde Cholangiopancreatography 

Endoscopic retrograde cholangiopancreatography should only be performed by person- 
nel skilled and experienced with the procedure, and careful attention to technique is 
essential for the success and safety of the procedure. Fluoroscopy is mandatory during 
injection to prevent over distention of the duct systems. 


Contrast Enhancement in Body Computed Tomography 

It is advisable to insure that patients are adequately hydrated prior to the contrast 
enhanced body CT examination. Patient motion, including respiration, can markedly affect 
image quality, therefore, patient cooperation is essential. The use of an intravascular 
contrast medium can obscure tumors in patients undergoing CT evaluation of the liver 
resulting in a false negative diagnosis. Dynamic CT scanning is the procedure of choice for 
malignant tumor enhancement. 


Intravenous Digital Subtraction Angiography 

The risks associated with IV DSA are those usually attendent with catheter procedures 
and include intramural injections, vessel dissection and tissue extravasation. Small test 
injections of contrast medium made under fluoroscopic observation to insure the catheter 
tip is properly positioned, and in the case of peripheral placement that the vein is of 
adequate size, will reduce this potential. 

Patient motion, including respiration and swallowing, can result in marked image degra- 
dation yielding non-diagnostic studies. Therefore, patient cooperation is essential. 


Arterial Digital Subtraction Angiography 

The risks associated with arterial DSA are those usually attendent with catheter proce- 
dures. Following the procedure, gentle pressure hemostasis is required, followed by 
observation and immobilization of the limb for several hours to prevent hemorrhage from 
the site of arterial puncture. 


ADVERSE REACTIONS 

Adverse reactions to injectable contrast media fall into two categories: chemotoxic 
reactions and idiosyncratic reactions. 

Chemotoxic reactions result from the physio-chemical properties of the contrast media, 
the dose and speed of injection. All hemodynamic disturbances and injuries to organs or 
vessels perfused by the contrast medium are included in this category. 

Idiosyncratic reactions include all other reactions. They occur more frequently in patients 
20 to 40 years old. Idiosyncratic reactions may or may not be dependent on the amount of 
dose injected, the speed of injection, the mode of injection and the radiographic procedure. 
Idiosyncratic reactions are subdivided into minor, intermediate and severe. The minor 
reactions are self-limited and of short duration; the severe reactions are life-threatening 
and treatment is urgent and mandatory. 

Fatalities have been reported following the administration of iodine-containing contrast 
agents. Based upon clinical literature, the incidence of death is reported to range from one 
in 10,000 (0.01 percent) to less than one in 100,000 (0.001 percent). 





The following adverse reactions have been observed in conjunction with the use of 
iodine-containing contrast agents. 

The most frequent adverse reactions are nausea, vomiting, facial flush and a feeling of 
body warmth. These are usually of brief duration. Other reactions include the following: 

Hypersensitivity reactions: Dermal manifestations of urticaria with or without pruritus, 
erythema and maculopapular rash. Dry mouth. Sweating. Conjunctival symptoms. Facial, 
peripheral and angioneurotic edema. Symptoms related to the respiratory system include 
sneezing, nasal stuffiness, coughing, choking, dyspnea, chest tightness and wheezing, 
which may be initial manifestations of more severe and infrequent reactions including 
asthmatic attack, laryngospasm and bronchospasm with or without edema, pulmonary 
edema, apnea and cyanosis. Rarely, these allergic-type reactions can progress into ana- 
phylaxis with loss of consciousness and coma and severe cardiovascular disturbances. 

Cardiovascular reactions: Generalized vasodilation, flushing and venospasm. Occasion- 
ally, thrombosis or rarely, thrombophlebitis. Red blood cell clumping and agglutination, 
crenation and interference in clot formation. Extremely rare cases of disseminated intra- 
vascular Coagulation resulting in death have been reported. Severe cardiovascular re- 
sponses include rare cases of hypotensive shock, coronary insufficiency, cardiac arrhythmia, 
fibrillation and arrest. These severe reactions are usually reversible with prompt and 
appropriate management; however, fatalities have occurred. 

Technique reactions: Extravasation with burning pain, hematomas, ecchymosis and 
tissue necrosis, paresthesia or numbness, vascular constriction due to injection rate, 
thrombosis and thrombophlebitis. 

Neurological reactions: Spasm, convulsions, aphasia, syncope, paresis, paralysis result- 
ing from spinal cord injury and pathology associated with syndrome of transverse myelitis, 
visual field losses which are usually transient but may be permanent, coma and death. 

Other reactions: Headache, trembling, shaking, chills without fever and light-headedness. 
Temporary renal shutdown or other nephropathy. 


ADVERSE REACTIONS FOR SPECIFIC PROCEDURES: 
Cerebral Angiography 


The major sources of cerebral arteriographic adverse reactions appear to be related to 
repeated injections of the contrast material, administration of doses higher than those 
recommended, the presence of occlusive atherosclerotic vascular disease and the method 
and technique of injection. 

Adverse reactions are normally mild and transient. A feeling of warmth in the face and 
neck is frequently experienced. Infrequently, a more severe burning discomfort is observed. 

Serious neurological reactions that have been associated with cerebral angiography and 
not listed under the general Adverse Reactions include stroke, amnesia and respiratory 
difficulties. 

Cardiovascular reactions that may occur with some frequency are bradycardia and 
decrease in systemic blood pressure. The blood pressure change is transient and usually 
requires no treatment. 


Peripheral Arteriography and Venography 

Hemorrhage and thrombosis have occurred at the puncture site of the percutaneous 
injection. Brachial plexus injury has been reported following axillary artery injection. 
Thrombophlebitis, syncope and very rare cases of gangrene have been reported following 
venography. 


Arthrography 

Arthrography may induce joint pain or discomfort which is usually mild and transient but 
occasionally may be severe and persist for 24 to 48 hours following the procedure. Effusion 
requiring aspiration may occur in patients with rheumatoid arthritis. 


Direct Cholangiography 

Adverse reactions may often be attributed to injection pressure or excessive volume of 
the medium resulting in overdistention of the ducts and producing local pain. 

Some of the medium may enter the pancreatic duct which may result in pancreatic 
irritation. Occasionally, nausea, vomiting, fever, and tachycardia have been observed. 
Pancholangitis resulting in liver abscess or septicemia has been reported. 

In percutaneous transhepatic cholangiography, some discomfort is common, but severe 
pain is unusual. Complications of the procedure are often serious and have been reported 
in 4 to 6 percent of patients. These reactions have included bile leakage and biliary 
peritonitis, gall bladder perforation, internal bleeding (Sometimes massive), blood-bile 
fistula resulting in septicemia involving gram-negative organisms, and tension pneumotho- 
rax from inadvertent puncture of the diaphragm or lung. Bile leakage is more likely to occur 
in patients with obstructions that cause unrelieved high biliary pressure. 


Endoscopic Retrograde Cholangiopancreatography 

Adverse reactions that have occurred which are attributable to either the ERCP proce- 
dure or contrast agent include nausea, vomiting, fever, severe abdominal pain, duodenal 
wall intravasation, septicemia, pancreatitis and perforation of the common bile duct associ- 
ated with pathology. 


DOSAGE AND ADMINISTRATION 


Details on dosage are provided in the Conray and Conray-43 package insert. CONSULT 
FULL PACKAGE INSERT BEFORE USE. 
Rev. August 1987 
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MR Angiography of Peripheral, Carotid, and Coronary 
Arteries 


R. J. Alfidi,' T. J. Masaryk, E. M. Haacke, G. W. Lenz, J. S. Ross, M. T. Modic, A. D. Nelson, J. P. LiPuma, and 


A. M. Cohen 


The widespread prevalence of atherosclerotic vascular dis- 
ease has given rise to the need for a simple, noninvasive 
imaging examination. Present-day technologies aimed at solv- 
ing this problem are either error prone, invasive, or lacking in 
universal applicability. The potential of MR to quantitate flow 
has been expiored for more than 30 years in the laboratory 
setting and has been addressed in other communications [1- 
13]. More recent advances in the techniques collectively 
known as magnetic resonance angiography (MRA) represent 
significant progress toward achieving the goal of a noninva- 
sive vascular examination. 

MRA is a generic term describing numerous imaging tech- 
niques that visualize vascular lumen morphology through MR 
signal changes resulting from time-of-flight phenomena and/ 
or phase shifts caused by motion along imaging gradients. 
Although blood-flow measurement and direct atherosclerotic 
plaque identification and analysis are of pathophysiologic and 
diagnostic interest, we believe that angiography-like tech- 
niques remain the most useful methods of detecting remedial 
vascular lesions. This paper will Summarize the pertinent 
theory and previous research efforts, analyze the current 
status of clinical research, and attempt to project future 
directions of MRA. A glossary is included to clarify terminology 
that is peculiar to MRA and that may be unfamiliar to the 
reader. 


Received July 27, 1987; accepted after revision September 4, 1987. 


Background 


Early clinical investigators working with whole-body MR 
imagers appreciated the contrast provided by the “‘low-void 
phenomenon” [14] and speculated that “inasmuch as volume 
images can be obtained with NMR, it is conceivable that 3- 
dimensional casts of blood vessels could be produced using 
appropriate software techniques. If so, totally noninvasive . . . 
studies of the vascular system may become a reality” [14]. 
Further attempts to define vascular morphology using flow- 
related effects yielded promising but inconsistent results [15- 
19]. This led to the realization that the signal from flowing 
blood is variable and depends on (1) character of flow (pul- 
satile vs nonpulsatile) [20-25], velocity [26-29], acceleration ° 
(26, 30, 31], secondary flow [32, 33], and turbulence [34- 
36]; (2) the sequence parameters (RF saturation pulses [37- 
38], gradient strengths and timings, and echo times [17, 18, 
26]); and (3) orientation of the vessel to the imaging plane. 
The variable signal can be related to two basic underlying 
effects of flow (motion): (1) phase shifts of excited spins [2, 
19, 39, 40] and (2) time-of-flight phenomena, such as “para- 
doxical enhancement” or “flow related enhancement” and 
“flow void” [11, 12, 14, 15, 41, 42]. 

Much early clinical work exploited the flow-void phenome- 
non as well as flow-tagging techniques. While efforts included 
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attempts to generate three-dimensional images of vessels as 
small and complex as the coronary arteries, most studies 
focused on the large vascular structures including cardiac 
valves, chambers, and great vessels [14, 16, 43-50]. While 
adequately demonstrating the pathology, flow-void tech- 
niques failed to offer significant advantages over other non- 
invasive, less expensive studies. 

Motion of blood protons during gradient application leading 
to spin dephasing and an associated loss of signal was first 
taken advantage of clinically by Wedeen and others [51-53]. 
Signal strength from flowing blood could be modulated by 
gating to systole and diastole in conjunction with short echo 
times (TEs) (10 msec). For slow flow at diastolic velocities, 
signal remains strong, whereas during systole signal is lost 
because of high-velocity—induced dephasing. Signal from sta- 
tionary tissue remains constant. Subtraction of these images 
yielded projection arteriograms of the lower extremities. 

The next major step in the evolution of MRA came with the 
realization that moving blood could be refocused to avoid 
both motion artifacts and loss of signal due to spin dephasing 
[17, 26, 31, 34, 40, 54-60]. Rephasing causes the signal loss 
of moving spins to be recaptured, or “refocused,” through the 
application of additional magnetic gradients. By using these 
flow-encoding gradient pulses, numerous MRA techniques 
have been used in a variety of clinical settings [40, 55-60]. 
These techniques have the potential to use longer TEs to 
give a higher signal-to-noise ratio, smaller fields of view, and 
thus higher spatial resolution because of reduced gradient 
strength requirements and, hence, smaller bandwidth [59 and 
Lenz GW and Haacke EM, unpublished data]. Longer TEs 
can be used successfully (e.g., 45 msec vs 20 msec) since 
the T2 of blood is approximately 200 msec and changes in 
bandwidth on the order of two- to four-fold are possible to 
more than compensate signal loss caused by T2 decay. 

In early 1986, a second, complementary approach to re- 
phasing MRA appeared that was capable of selectively visu- 
alizing arteries. Dixon et al. [61] described a technique that 
takes advantage of a phenomenon analagous to that of 
paradoxica! enhancement in standard spin-echo imaging. This 
method produced in-plane projection angiograms of normal 
carotid bifurcations by using cranially flowing spins labeled by 
adiabatic fast passage through a special surface coil placed 
low at the base of the neck. Others have produced time-of- 
flight arteriograms of the normal carotid bifurcation where 
“upstream” spins are excited by using saturation pulses that 
do not require special hardware [37, 38, 62]. Dixon et al. [61] 
also introduced the concept of a “twister pulse” to improve 
vascular contrast. For example, by saturating stationary spins 
and taking advantage of parodoxical enhancement of inflow- 
ing spins in transverse slices, a vascular image can be ob- 
tained without subtraction. 


Theory 


This section addresses the dominant effects of flow in MR 
imaging: (1} motion in the direction of imaging gradients (such 
as spin dephasing and even-echo rephasing); (2) motion be- 
tween pulse sequence repetitions (paradoxical enhancement); 
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and (3) motion between RF pulses (flow void or high-velocity 
signal loss). Subtraction methods and image quality will also 
be considered. 


Motion During the Application of Imaging Gradients 


Spin Dephasing.—-The major difficulty in imaging moving 
spins is that their phases at the echo may be different from 
those in stationary spins. These phase changes are a function 
of motion, that is, velocity and position in a vessel [63, 64]. 
Therefore, any change in motion across a pixel or between 
views will cause signal loss or ghosting, respectively [22, 
55]. 

(1) Stationary Spins. A simple gradient echo experiment is 
shown in Diagram 1. This corresponds to the usual informa- 
tion gathered from a stationary bodypart. A phase-compen- 
sation gradient is applied at t’ = 0 to 7 and a second, read 
gradient of opposite polarity from t’ = r to 2 r = TE. During 
the first gradient pulse (stationary spin compensation gra- 
dient), the phase of a stationary spin changes as a function 
of time according to 


p(t) = —yGxt’ (1) 


where y is the gyromagnetic ratio and G is the read-gradient 
field strength. The second gradient pulse begins at t = 7, 
and the phase now rotates in the opposite direction so that 
the total phase is 


do (t) = yGx (K — 2r) (2) 


with t = t + 27; then when t’ = 27, or t = 0, the phase is 
zero and the spins are refocused. 

(2) Moving Spins. For spins flowing along the read-gradient 
direction, this phase dependence on t becomes more compli- 
cated and may cause ghost artifacts and loss of signal. If it is 
assumed that spins move with constant velocity, then the 
phase dependence becomes 


by (t) = yG (xt + 2rvt + v7? + Ve vt?) (3) 


A detailed description and derivation of this equation can be 
found in the literature [55, 65]. The three velocity-dependent 
terms in equation 3 each have their effects on moving spins. 
It can be shown that the first term leads to a pixel misregis- 
tration, the second term to a time-independent phase devia- 
tion at the echo, and the third term to image blurring. The 
addition of a constant acceleration component yields a still 
more compiex solution whose time-independent phase at the 
echo is a cubic function of TE. 

When moving spins have different velocities as a function 
of position across the vascular lumen, as is the case with 
laminar flow, the time-independent phase term may vary 
significantly across a pixel leading to phase cancellations and 
thus loss of signal. When the constant phase term from 
equation 3 is isolated and rewritten for variable velocity (Av) 
or laminar flow, then 


Ady = Va yGAv TE? (4a) 
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Diagram 1.—Read gradient of an ideal gradient-echo sequence assuming 
instantaneous gradient reversal and an instantaneous RF pulse. Phase 
plot of stationary spins (solid line) and constant moving spins (dashed 
line) show dephasing and rephasing during gradient. At time t = 0, ali 
stationary spins are refocused, while spins moving with constant velocity 
show a velocity-dependent phase shift at the echo time TE. 


where Av is the velocity change across a pixel (Diagram 2). 
This can also be written as 





(4b) 


ae 
AL 


Ady = 2x ( 


where n is the number of sampled points, At the sampling 
interval, and L the field of view. As the term in brackets 
increases, the phase increases and vascular signal decreases, 
being zero when the phase change is 27. The lack of signal 
from in-plane vessels is due to this dephasing effect and not 
to flow void: (which is discussed later). 

Reducing TE reduces signal loss as well as artifacts from 
flowing blood. While equation 4 suggests that phase change 
(and thus signal loss) varies quadratically with TE, the equa- 
tion may eventually reduce to a linear dependence on TE 
since a decrease in TE, and hence sampling, eventually 
requires an increase in gradient strength (G) when nAt would 
become greater than TE. Still, reducing TE is one way to 
minimize the signal loss from flowing blood. 

Even-Echo Rephasing and Rephasing Gradients.—lf one 
does not reduce the echo time to minimize signal loss caused 
by phase cancellations, but instead does a double-echo ex- 
periment, the addition of the second-slice selective gradient 
pulse that is appropriately (i.e., symmetrically) placed can 
compensate for motion-induced phase changes at the time 
of the second echo. This phenomenon, known as even-echo 
rephasing, is the simplest example of the application of re- 
phasing gradients [17]. 

it has been shown that this phenomenon can be simulated 
in a single-echo experiment through the use of additional 
bipolar refocusing gradients that force the time-independent 
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SPATIAL PHASE SHIFTS 





SAME VELOCITY DISTRIBUTION 


AT EDGE (SAME PHASES) 


(WIDE VARIETY PHASES) 


Diagram 2.—~Parabolic laminar flow profile shows an increased velocity 
gradient at edge of vessel lumen. This steep velocity gradient causes 
greater phase changes at vessel wall than occur in center of lumen. 


phase term to zero [26, 54, 55]. The amplitude and timing of 
the gradients can be determined so that the effective phase 
change at the echo (in this case, the first echo) remains zero 
for all velocities. With the four-gradient pulse shown in Dia- 
gram 3, both velocity and acceleration effects can be elimi- 
nated. These gradient schemes can be applied to botn gra- 
dient-echo or spin-echo sequences, and can be imp'emented 
not only in the read direction but also in the phase- and slice- 
select directions. 

This approach has already been used for imaging fast flow 
(40, 56-59, 66, 67]. One problem is the long times required 
to apply these four pulses. If significant deviations froma con- 
stant velocity or acceleration occur in this time frame, then 
refocusing will be imperfect. This effect can be reducec if the 
system has gradients capable of short rise times (500 usec) 
and large amplitudes (10 mT/m). 


Time-of-Flight Effects 


Motion Between Sequence Repetitions.—For simplicity, let 
us consider blood flowing perpendicular to the image plane 
using a saturation-recovery technique. For short repetition 
times (TR), stationary tissue in the slice becomes partially 
saturated by repeated RF excitations. Unsaturated blood 
moving into the image slice will cause a relative signal in- 
crease, referred to as paradoxical enhancement (wash-in of 
unsaturated spins) (Fig. 1). For pulsatile flow, the effect 
causes variable signal intensity from view to view within the 
vessel lumen and is responsible for part of the flow-ghosting 
artifact in the phase-encoded direction [22]. For muttislice 
imaging, this effect on lumen signal will be present on the first 
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few slices, since blood flowing into the intermediate or distal 
slices will already have been partially saturated upstream 
[12]. Depending on the order in which the slices are taken 
and the direction of flow, arterial or venous blood can be 
enhanced in either the first or the last slices of the acquisition. 
The actual magnitude and slice location of the flow enhance- 
ment will depend on the number of slices and how they are 
interleaved. 

This phenomenon does not occur significantly in vessels 
parallel to the imaging plane. Until recently, these time-of- 
flight effects have gone unnoticed because of the spin de- 
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Diagram 3.—Read gradient diagram of a rephasing spin-echo sequence. 
Two additional gradients are applied in the read direction to rephase 
moving spins with constant velocity and acceleration. Phase plot of sta- 
tionary spins (solid line), constant moving spins (long dashed line), and 
constant accelerated spins (short dashed line). The x-pulse flips the phase 
by 180°. Note that at the z-pulse all spins are out of phase, while (by 
design) spins are refocused at time t = 0, independent of velocity or 
acceleration. 
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phasing due to motion along the read direction, and have 
been confused with the flow-void phenomenon. They may, 
however, prove quite useful in new, rapid-volume flow-imag- 
ing schemes [37]. Because of the direction sensitivity of these 
time-of-flight wash-out/wash-in effects, they have been ad- 
vocated in conjunction with saturation-gradient pulses to 
enhance arterial vs venous angiograms [37, 38, 61, 62]. 
Motion Between RF Pulses.—A related time-of-flight flow 
effect occurs from motion between RF pulses (high-velocity 
or flow-void signal loss). This effect occurs because spins 
must acquire both the 90° and the 180° pulse in order to give 
a signal. After a selective 90° pulse, blood flowing fast enough 
to escape the image slice before the 180° pulse does not 
produce a signal. The RF pulses are applied over relatively 
long times, and motion during the RF time will also cause flip- 
angle errors and signal loss [18, 37]. The effects of motion 
between RF pulses can be reduced by decreasing the width 
of the 180° pulse and, similarly, by decreasing the time 
between pulses. Also, the 180° pulse can be applied with a 
frequency offset in an effort to follow a bolus of moving spins 
[20, 65} In this case, only moving spins are imaged. This 
technique has also been used to quantitate blood flow and 
will be discussed further with respect to the application of 
saturation pulses [38]. Both of the phenomena discussed in 
this and previous paragraphs can cause significant signal loss 
as a function of flip angle in the new fast-imaging methods. 


Imaging Techniques 


Signarto-Noise and Resolution Issues.—Accurate vascular 
imaging demands high resolution and sufficient signal-to-noise 
and contrast-to-noise ratios to define the vessel lumen. For a 
given TE, the optimal signal-to-noise ratio (S/N) can be ob- 
tained with the smallest gradient strength and longest sam- 
pling time [59]. Long TEs place fewer demands on the gra- 
dients. This also allows the addition of correction schemes 
for velocity and acceleration, as well as a smaller field of view 
[59]. The result is high spatial resolution with good S/N. With 
this approach, 300-um resolution has been achieved. Reso- 
lution also depends on the ability to eliminate motion effects 


Fig. 1.—A and B, Multislice spin-echo images 
from the neck. A shows effect of paradoxical 
enhancement in first slice, while B is a slice 3 
cm cranial. In B, vessels are nearly black with 
some hint of signal in central region of several 
vessels (arrow). Imaging parameters: TR = 0.6 
sec, TE = 15 msec, slice thickness = 10 mm, 
slice gap = 5 mm, and resolution = 1 mm. 


a 
3 
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either by subtraction (see below) or by gating techniques. In 
the thorax and upper abdomen, both cardiac gating and 
respiratory gating are required. Also, saturation pulses can 
be used to suppress signal from regions that would otherwise 
produce unwanted artifacts. For example, saturating tissue 
outside a region of interest will diminish signal arising from 
structures cuiside that region, including any artifacts they 
might produze because of their physiologic motion [37, 38, 
68}. 

Optimal S/N and resolution are, unfortunately, at odds with 
the imaging of fast-moving spins, such as blood flow in the 
carotids. As mentioned in the section on rephasing, uncor- 
rected flow efiects cause dephasing. For systems that have 
variable velwecity, only reducing TE (even with the bipolar 
rephasing g-adients) can lead to an increase in signal. This 
requires larger gradients and, hence, the potential resolution 
is reduced accordingly because of limitations in the available 
gradient strangth. 

For a given sequence, S/N must be optimized for any MR 
unit. Another source of improvement is specially designed 
coils that generate increased S/N. Any increase in S/N can 
be exchanged for smaller imaging voxels, thereby improving 
spatial resolution. 

Overlapping vessels can obscure areas of interest in pro- 
jective angiography. Potential solutions include gated or un- 
gated three-dimensional subtraction schemes or volume im- 
aging. Both can be performed with motion-correction gra- 
dients and subtraction schemes to yield a three-dimensional 
vascular image. This image can be displayed at different 
orientations. allowing improved visualization of the object 
[69]. 

Subtraction Schemes.—With the ability to control the phase 
(and thus sianal intensity) of moving blood, subtraction tech- 
niques are possible by use of rephased and dephased images 
[51]. This ie usually accomplished by gating the dephased 
sequence atsystole (maximal motion-induced signal loss) and 
gating the repnased image at diastole to get maximum signal 
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Diagram 4.---Fiow in normal and stenotic vessels in a projective format. 
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(minimum motion-induced signal loss). With complete dephas- 
ing, the subtraction image will contain both arteries and veins. 
But if the signal changes are induced merely by gating and 
short TEs, only arteries are depicted because venous spins 
have relatively constant velocity (and thus signal) throughout 
the cardiac cycle and will subtract out. This concept is illus- 
trated in Diagram 4, and a clinical example is presented in 
Figure 2. The opposite direction of arterial and venous flow 
can also be used to distinguish these structures. This is 
accomplished by presaturating the unwanted component, 
thereby leaving signal only from inflowing spins of the desired 
vessel [61, 62]. Alternatively, the motion-induced phase 
changes from the phase image can be used to distinguish 
vessels with blood flowing in opposite directions [19, 31, 59] 
. This technique can be extended to volume acquisition and 
can also be used with most of the other techniques described 
so far. 

Fast-imaging (gradient-echo) schemes with bipolar (even- 
echo) rephasing (FEER) also have been advocated for vas- 
cular imaging [58, 59, 68] and implemented successfully. 
These take advantage of flow-related enhancement and can 
be used in conjunction with saturation schemes and/or 
“twister” gradient pulses, the former enhancing signal from 
flowing spins while the latter supresses signal from stationary 
tissue. By using these methods alternately, it is possible to 
obtain high-resolution transverse images of vessels using 
thin-slice, fast, three-dimensional, gradient-echo imaging. Un- 
like projective (in-plane) vascular imaging, transverse images 
permit excellent lumen identification. 

A specific advantage of phase images is that the image 
intensity can be directly related to the mean velocity per voxel. 
The partially rephased image is chosen to allow a phase 
deviation representative of velocity [59]. 

Currently, there are several problems associated with sub- 
traction techniques. Any motion by the patient between the 
two scans can destroy the expected resolution anc create 
registration artifacts. This problem is alleviated by alternating 
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A, Normal vessels. in diastole, the proton phases are all similar, with a resultant large additive signal intensity. in systole, the phases are more randomly 


oriented, whic causes reduced signal intensity. Subtracted image display 


s rephased protons. 


B, Stenotic:wessels. Because of acceleration and turbulence at and distal to stenoses, there is inadequate rephasing of protons in diastole with loss of 


signal intensity, 
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C 


Fig. 2.—MR angiograms of popliteal artery in a healthy subject obtained in cinemode by using a gradient-echo sequence with a very short echo time. 
12 views with a repeat time of 45 msec were acquired within cardiac cycle. 

A was obtained at a trigger delay of 0 msec. B was obtained at a trigger delay of 180 msec. C is the subtraction of A minus B. Imaging parameters: TE 
= 5 msec (ECG-gated), slice thickness = 20 mm, resolution = 1.2 mm (head coil). 


Fig. 3.—MR angiograms of popliteal artery 
and branches of a normal volunteer obtained 
with velocity-compensated spin-echo se- 
quences. 

A-C, Subtracted image (C) was obtained by 
subtracting dephased image (B) from rephased 
image (A). Rephased image (A) was obtained 
with a trigger delay time of 0 msec, and de- 
phased image (B) with a trigger delay time of 
250 msec. Imaging parameters: TE = 45 msec 
(ECG-gated), TR = roughly 1.3 sec, slice thick- 
ness = 20 mm, resolution = 970 um (knee-reso- 
nator coil). 

D, MR angiogram subtraction in same subject 
in same view as in A but with a resolution of 250 
um. Higher resolution obtained with a 6 mT/m 
gradient system using a long sampling rate of 
50 msec. Imaging parameters: TE = 45 msec 
(ECG-gated), TR = roughly 1.3 sec, slice thick- 
ness = 20 mm (knee-resonator coil). 
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Fig. 4.—Three-dimensional reconstruction of 
32 MR angiograms obtained from subtraction of 
an interleaved rephasing/dephasing volume fast 
imaging with steady procession (FISP) data set 
acquired ungated. Imaging parameters: TE = 22 
msec, TR = 40 msec, effective slice thickness = 
4 mm, resolution = 1 mm (knee-resonator coil). 

A, First projection shows overlap of popliteal 
vein branches. 

B, Second projection of three-dimensional im- 
age rotates bifurcation into view. 


Fig. 5.—Digital subtraction angiography and 
MR arteriograms. 

A, Digital subtraction angiography performed 
immediately after fibrinolysis for embolus re- 
veals area of stenosis in anterior tibial artery 
(arrow). 

B, MR performed 10 days later reveals ab- 
sence of stenctic area. Patient was asympto- 
matic. Note similarity in visualization of small 
branches in both studies. Resolution is equal in 
both. 

(Reprinted from Haacke and Lenz [55].) 


the phase-encoding steps of the rephased and dephased 
scans. A more serious problem occurs when the system's 
response is affected by the amplitude and placement of the 
imaging gradients. Eddy current effects can then lead to 
distorted images. This problem may be overcome if a partially 
dephased sequence is used with cardiac gating in a fashion 
analogous to that of Wedeen et al. (where short TE scans 
were used with cardiac gating). However, in this case TE = 
the R-R interval, which obviously varies somewhat, thus 
precluding phase encoding interleaving in which TR must be 
fixed. 


Peripheral Vessel MRA 


Because of the absence of physiologic motion in the ex- 
tremities, they are ideal areas for vascular studies. Several 
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approaches are required for a comprehensive study. An initial, 
large-field-of-view study that is sensitive to disease can act 
as a screening examination (Fig. 2). The technique described 
by Wedeen et al. [51] is well suited to this purpose, although 
eddy currents may degrade the subtracted image [51-53]. 
After localizing areas suspicious for vascular disease, a high- 
resolution scan (Fig. 3) is possible by using the gradient 
rephased/dephased sequences described earlier in conjunc- 
tion with specialized coils. Local venous anatomy can also be 
visualized and distinguished either by phase information from 
a partially dephased sequence or by elimination from the 
subtraction. Higher depth resolution is also possible with 
ungated, gradient-echo volume imaging by using such gra- 
dient-refocused techniques (Fig. 4). By using this technique, 
normal and occluded popliteal trifurcation vessels may be 
consistently identified (Fig. 5). However, stenotic lesions can- 
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Fig. 6.—Film-screen and MR arteriograms. 
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A, Conventional arteriogram reveals diffuse stenosis of posterior tibial artery and occlusion of anterior tibial artery. 
B and C, Anteroposterior (B) and lateral (C) MR arteriograms show findings identical to those in A. 


not be portrayed as consistently (Fig. 6 and Diagram 4). While 
the effects of acceleration and turbulence are less pronounced 
in the extremities, they evidently need to be accounted for by 
higher-order motion-correction sequences. 


Carotid MRA 


Desirable qualities in a diagnostically meaningful MR ex- 
amination of the carotid bifurcation include: (1) high spatial 
resolution for the detection of small, yet clinically significant 
ulcerations; (2) absence of overlap from the adjacent jugular 
vein; and (3) the ability to accurately demonstrate stenosis. 
To date, MR techniques for the carotid bifurcation have only 
partially fulfilled these criteria. The primary obstacle to MR 
imaging of the carotid bifurcation is the large and varied phase 
cancellations produced by high-velocity motion distal to 
stenoses such as retrograde, secondary, and turbulent flow 
[32, 33, 35]. 

In 1986, Ruszkowski et al. [70] explored the spin-phase 
phenomenon for carotid imaging, with gating in both diastole 
and systole, in a manner analogous to that described by 
Wedeen et al. [51] for vascular imaging of the extremities. 
Using oblique images, they were able to detect the presence 
of signal from flowing blood in diastole. However, the signal 
provided with a 28-msec TE was not sufficient to produce 
Satisfactory subtraction images, particularly near the vessel 
wall where the velocity gradient for near laminar flow is the 
greatest. 

Our experience with carotid imaging has involved the use 
of velocity-rephasing gradients to allow improved subtraction 
images and, hence, improved lumen definition [67]. Finite 
volume, ungated spin-echo (single-slice), and ungated (vol- 
ume) gradient-echo techniques like those described previ- 
ously were used [56-60] (Figs. 7 and 8). These techniques 
provide high contrast and high spatial resolution as well as 
thin image slices to exclude the jugular vein. Minimum TEs 





Fig. 7.—Subtraction rephase/dephase ungated 
spin-echo image shows carotid bifurcation in a nor- 
mal subject. Velocity- and acceleration-compensa- 
tion gradients were used in the read direction. Signal 
seen overlying carotid represents rephased flow 
from overlying jugular vein. Curvilinear area of 
higher signal seen posterior to distal internal carotid 
represents a portion of vertebral artery inadvertently 
included in this image slice. 


for both the spin-echo and gradient-echo sequences were on 
the order of 20-23 msec. However, arterial flow at and distal 
to stenoses was not rephased and not visualized (Fig. 9). The 
reason for this inadequacy and the absence of any published 
in-plane images of carotid stenoses are likely related to (1) 
the fact that the in-plane technique is only sensitive to flow 
along the read gradient and (2) insufficient rephasing of ac- 
celerating spins. The acceleration/deceleration of spins, as 
well as the directional changes with secondary flow and 
turbulence, is proportional to the degree of stenosis, the 
pulsatile nature of flow, and the Reynold’s number. 





ae 
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Fig. 8.—A-C, Examples of continuous 1-mm 
images from an ungated fast even-echo rephas- 
ing (FEER) sequence. Similar dephased images 
can be produced and sequentially subtracted 
from their rephased counterparts, then subse- 
quently added to produce a volume image of the 
carotid bifurcation. 

D, Summatien image of carotid bifurcation in 
a patient with a left bruit. 

E, Lateral view from an intraarterial angiogram 
of left carotid. 


Overlap with the jugular vein is also a problem when flow- 
encoding gradients are used (Fig. 7). The saturation schemes 
discussed earlier have the primary advantage of requiring only 
a single data acquisition, which yields an image free from 
overlap by the adjacent jugular vein [61, 62]. In the technique 
described by Dixon et al. [61], specialized hardware including 
a surface coil was required. However, Nishimura et al. [62] 
have been able to generate similar time-of-flight arteriograms 
without this disadvantage by using saturation schemes. 


Coronary Artery MRA 


Imaging of the relatively small lumina and complex distri- 
bution of the coronary arteries in the presence of cardiac and 
respiratory motion represents the ultimate challenge to MRA. 
Initial experiments have attempted to extract three-dimen- 
sional information from human postmortem plastic casts of 
coronary arteries (Fig. 10) and in vitro human hearts. Three- 
dimensional reconstructions are necessary to separate the 
lumen of the coronary artery from the cardiac chambers (Fig. 


MR ANGIOGRAPHY 





11). Attempts at imaging in vivo hearts have been only mar- 
ginally successful. One reason for this is the current inability 
to obtain a complete set of volume images at precisely the 
same point in the cardiac cycle. Nevertheless, short segments 
of human main coronary arteries in vivo and secondary and 
tertiary branches of canine circumflex and left anterior de- 
scending coronary arteries have been visualized (Fig. 12) 
[60]. The goal of coronary MRA may be achieved if a spatial 
resolution approaching two line pairs per millimeter can be 
routinely displayed. This degree of spatial resolution has 
already been exceeded in MRA of the extremities (Fig. 3). 
Clinical coronary MRA would provide a risk free, totally 
noninvasive technology that could be used in outpatient sur- 
veys of populations at risk. Because the information obtained 
can be formatted in three-dimensional reconstructions, a dis- 
play of luminal morphology, encompassing length and cross- 
sectional diameters of stenoses, is possible. Information 
about blood flow as well as the site and extent of previous 
infarctions may complement the realization of morphologic 
study techniques. Although at the margin of technical feasi- 
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Fig. 9.—A, Subtraction MR angiographic image from a gated, velocity- and acceleration-compensated sagittal view (TE=24 msec) of carotid bifurcation 
in a patient with known carotid stenosis. Notice what appears to be a “string-sign” just distal to origin of internal carotid. 

B, Arteriogram of patient in A shows a mildly stenotic carotid sinus on corresponding lateral view. 

C, Anteroposterior view, however, shows that in reality there is a more marked stenosis (arrow) at origin of internal carotid than can be seen in the 
lateral view. Exaggeration of this stenosis on MR angiogram is thought to be caused by turbulence-related phase changes (and signal loss) that are not 
compensated for by velocity- and acceleration-gradient modifications used in this pulse sequence. 





Fig. 10.—A, An early computer-reconstructed 
MR image of a human aorta and coronary artery 
cast from an experiment by R. Alfidi, W. Hinshaw, 
and D. Kramer. (Courtesy of J. Lieberman, R. 
Alfidi, W. Hinshaw, D. Kramer, Technicare Corp., 
and Radiologic Clinics of North America, vol. 22, 
no. 4, p. 857, Dec. 1984 [16].) 

B, Plastic injection cast of postmortem human 
coronary arteries. 

C, One of numerous 1-mm MR sections of a 
volume acquisition of B immersed in an oil bath 
used in subsequent reconstructions. 

D, Recent 3D reconstruction of all sections in 
C showing branches of left coronary artery 
viewed in lateral projection. Compare spatial res- 
olution and morphologic fidelity with image in A. 

E, Cephalocaudal view of reconstructed MR 
cast showing left anterior descending coronary 
artery. 
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Fig. 11.—A, Two 1-mm-thick cross-sectional images from 
volume acquisition of postmortem human heart immersed 
in copper sulfate solution. 

B, Bright signals on black background represent display 
of lumen of caronary vessels in A. 

C, Barium njection of coronary arteries of A. (Note that 
barium has spilled into aortic cusps and cardiac chambers). 

D, Automated program reconstruction of coronary arter- 
ies. This program need only be initiated at orifices of coro- 
nary arteries; program then automatically tracks vessel lu- 
men throughcut numerous sections of the specimen. Right 
and left cororary artery distributions are shown. (Note that 
there are rotational differences between C and D.) 

E, Cross-sectional reformatting of central section through 
Fig. 11-D. 








A B 


Fig. 12.—A, in vivo canine coronary angiogram (left anterior oblique projection). 

B, One ofsmultiple 4-mm-thick in vivo canine MR images (spin-echo TE=17 msec) obtained in lateral projection. Straight arrow shows left anterior 
descending=artery and curved arrow shows branches of circumflex. 

C, Another section showing secondary and tertiary branches of left circumflex branches. 


bility in terms of present-day development, we believe that 
Clinical coronary MRA is a potentially achievable goal. 


Future Goals and Requirements 


Many problems need to be solved in order for MRA to 
achieve clinical utility. Increasing S/N would improve vessel 
definition and spatial resolution. For slow flow, longer TEs 
help to accomplish this by allowing time for improved gradient- 
rephasing schemes and lower bandwidths. 

For fast flow, new dephasing-rephasing gradient schemes 
for long and short TEs are being developed to compensate 
for velocity, acceleration, and higher-order, motion-induced 
signal loss [60]. Secondary flow and turbulence in high-flow 
vessels will require such techniques to accurately demon- 
Strate stenoses. Rephasing and dephasing with ultrashort 
TEs is impossible with present gradient capabilities, since 
they do not allow enough time to institute many gradient 
corrections. Nevertheless, for very short echo times (on the 
order of 1 msec), such compensations may not be necessary. 

Specialized surface coils may also lead to improved S/N 
and hence better spatial resolution. Better subtraction tech- 
niques are also needed to improve image quality. 

Although spatial resolution depends on good S/N, it is 
inversely related to field of view for a fixed number of sampled 
points. If Fourier transform techniques are used, improvement 
in resolution requires stronger gradients, the ability to switch 
gradients on and off rapidly, and more sampled points. Other 
reconstruction methods, such as the projection techniques, 
may reappear. For a small field of view, this method allows 
accurate lumen determination as well as analog filtering of 
the data, hence avoiding aliasing associated with small sur- 
face coils. 

Further problems are caused by overlapping vessels and 
distinguishing arteries from veins. These may be overcome 
by volume imaging and the ability to define arbitrary-angle 
three-dimensional reconstructions of the data. Very short 
echoes or echo-planar single-shot acquisitions are likely to be 
required for such three-dimensional imaging, particularly of 
the coronary arteries. New reconstruction schemes [71] may 
avoid some of these resolution limitations, yielding high-res- 
olution, high-S/N images. If these milestones can be achieved, 
MRA may become a definitive, noninvasive tool in the detec- 
tion and treatment of vascular disease. 
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Glossary 


Aliasing—the foldover or misregistration of information into the image 
that actually belongs outside the field of view. 


Even-echo rephasing—the return to zero phase, or “proper” echoing 
of a spin at the even echoes, even when a spin flows through the 
imaging (read, phase-encode, slice-select) gradients at constant ve- 
locity. 

Flow-void phenomena—the partial or complete loss of signal when 
spins move so quickly between two RF pulses (90° anc 180°) that 
all of them are not excited at the second pulse. 


in-plane flow—flow in the read or phase-encoding direction (i.e., flow 
within the plane of the image). 


Laminar flow—a stable velocity-flow profile whose cross-sectional 
dependence in a tube is parabolic, more specifically v(r) = 2v0(1 — 
r*/r0?) where r is the distance from the center of the cylindrical tube 
or vessel, vO is the average velocity, and r0 is the radius of the vessel. 


Flow-related enhancement/paradoxical enhancement—the increase 
in signal due to motion between two RF pulses, specifically, due to 
the in-flow of fresh (unsaturated) spins into the image before the next 
RF pulse. Some authors classify flow-related enhancement (along 
with even-echo rephasing and diastolic pseudogating) as a subdivi- 
sion of a broader term, paradoxical enhancement [13]. 


Phase deviation at the echo—the phase associated with a spin that 
is not refocused at the echo, here considered due to motion during 
application of the gradients before the echo. 


Presaturated spins—the excitation of certain spins by a special pulse 
(not normally used in a given sequence) so that signal from these 
spins will contribute in a specific manner (e.g., not at all for stationary 
spins). The desired goal is the (relative) enhancement of signal from 
spins moving in a particular direction through the image. 


Saturated spins—those spins that have had one or more RF pulses 
applied and have zero net longitudinal magnetization at the time of 
the next RF pulse. 


Secondary flow—the circulation pattern associated with a bifurcation 
or stenosis that deviates from the usual laminar profile (such as 
retrograde flow near the’ carotid bifurcation). Also referred to as 
“disturbed flow.” 


Twister pulse—a gradient pulse applied to dephase signal from low- 
spatial-frequency components (wide objects) that does not signifi- 


cantly affect high-spatial-frequency components (narrow objects) 
such as vessels. 


Turbulence—unstable flow associated with very high velocities, low 
viscosities, and large-diameter vessels (not to be confused with 
secondary flow). 


Unsaturated spins—those spins that lie along the static field direction 
with essentially complete longitudinal magnetization before the appli- 
cation of an RF pulse. 
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Software 
Review 





Radiology Article Filing Program. By Robert Livingston, 1987. Purchase directly from the author at 2908 E. 


Republican, Seattle, WA 98112. $20 


The purpose of this program and its accompanying manual is to 
automate a personal-sized collection of articles that are of interest to 
a radiologist. Three 3.5-in. minidisks for a Macintosh personal com- 
puter and a loose-leaf—bound manual are provided. The first disk, the 
program disk, contains all the programs needed to create, maintain, 
and use an article-file data base. The other two disks are library 
disks, each of which contains more than 5000 previously entered 
articles from the literature. 

The system was written in compiled BASIC for the Macintosh plus 
or SE personal computer. The programs were tested on an SE 
version with two disk drives, no hard disk or accelerator board, and 
an Apple Imagewriter printer (computer provided through the courtesy 
of Forsythe Computers, St. Louis, MO). All programs did perform as 
required. At present, there is no assurance that the programs will 
work on an IBM modified with an Apple board, with any specific hard 
disk, or with any printer other than an Imagewriter. In addition, to 
view, modify, or print out keywords or journal lists, the user must 
have a Macwrite compatible word processor, which is not provided. 
The manual is terse to the point of being confusing if the user is not 
familiar with computers. The system is not turnkey; without help, the 
first-time user might take some time to figure out how to access the 
library disks and begin to use the system. 

The FIND ARTICLE program is the heart of the system. It provides 
facilities to enter, edit, search, delete, sort, and print items from the 
library. Loading a library disk of 5000 entries takes longer than 4 min. 
As presently configured, each library disk can hold a maximum of 
5000 entries. Listing, searching, and printing are acceptably quick 
and accurate. Entering and editing articles is actually quite simple. 
The default modes are a professional touch. Entering the parameters 
for a search is more cumbersome than it needs to be because of the 
lack of independent line clearing. Although a search of 5000 entries 
for articles on prostatic sonography would take less than 3 sec if 
another library disk of 5000 entries had to be searched also, searching 
time would be extended the 4 min or so needed to load in the next 
5000 entries and set up the search parameters again. 


The FILE GENESIS program creates new library disks and accepts 
numbers. between 1 and 31,490. Thus, a personal library of articles 
apparently is “limited” to more than 31,000 entries. The CHANGE 
JOURNAL program works as stated. The UNCOVER DUPLICATIONS 
program is slow and actually identifies rather than eliminates duplicate 
entries. Searching a library disk that has 5000 entries can take longer 
than 20 min. 

Some rather annoying and unprofessional programming practices 
are present. First, either the manual or the program itself should alert 
the user to what actions will start the program successfully. Second, 
error messages cannot be obtuse phrases—or worse, system error 
numbers—that leaves the frustrated user flipping through manuals 
wondering if the program has been injured fatally. Third, the programs 
will work only if the library disks are unlocked (i.e., they are set to be 
written to). Error messages should identify this problem and indicate 
how to correct it, or the manual should caution against this practice. 

The system would be infinitely more useful if it had some means 
for including a small abstract or commentary at entry. Also, although 
the system is designed for those who rip their magazines apart, a 
program for capturing data from MEDLARS via modem would in- 
crease the ease of data entry immeasurably. 

It may seem that the program has little to offer but this is not true. 
First, its hierarchic keyword system is an excellent feature. Second, 
if the system were entirely on hard disk, much of the loading time 
might be eliminated. Third, this program does not claim to be a 
polished professional product with formal copyright protection, fancy 
packaging, slick marketing, and a price to match. It is a system of 
limited scope and price. 

The concept is excellent and should be pursued. The next version 
should ineorporate more professional programming practices (a warn- 
ing that familiarity with the computer is required is not sufficient). If 
the upgrades mentioned were made, the program would become a 
bargain. 

David S. Martin 
Chesterfield, MO 63017 
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The Impact of New Imaging 
Technology on Health Care, 
Research, and Teaching: 
An International Symposium 





The highlights are reported from the fourth international symposium on the impact of 
new imaging technology on health care, research, and teaching held in San Francisco, 
October 23-25, 1986. Ninety representatives of academic radiology and industry from 
23 nations discussed modern radiology from differing perspectives dependent on the 
political structure of their governments and the economic status of their peoples. Keynote 
addresses by leading health-care administrators from government, universities, industry, 
and hospitals provided insightful overviews of current health service, teaching, and 
research issues in the United States. 

Three recommendations were derived from the symposium: (1) more complete and 
objective documentation of the impact of new technologies on the cost and outcomes 
of health services is urgently needed, (2) technical specifications for imaging instruments 
need better definition in terms of the medical problems to which they are applied, and 
(3) radiologists and radiologic societies in industrialized countries should support more 
generously the local training in radiology in underdeveloped countries. 


In late October 1986, the University of California at San Francisco (UCSF) hosted 
its fourth international meeting on the impact of new imaging technology on health 
care, research, and teaching. Leading figures in medical administration, diagnostic 
radiology, and industry from the major industrialized nations met to exchange their 
perspectives on a number of issues brought about by recent advances in imaging 
methods (see Appendix). The timing of the meeting was especially appropriate in 
view of the prevailing trend throughout the developed countries to restrain health- 
care expenditures. Also represented were several underdeveloped countries where 
the problems in health and medical care are not increasing costs but rather 
insufficient expenditures. From each of these extremes, technologic progress in 
relation to health services, research, and teaching was discussed. This report 
attempts to extract and assemble the highlights of the many offerings from diverse 
cultures and political backgrounds into a useful overview of worldwide imaging 
technology and its prospects. It concludes with several recommendations that 
have international applicability and that, if followed, could be expected to enhance 
the contribution of medical imaging to human welfare. 

In his keynote address on research as a factor in the cost of health care, James 
B. Wyngaarden, Director of the National Institutes of Health (NIH), observed that 
“Research conducted by universities, medical schools, and private industry has 
yielded the technology for the development of new products based on concepts 
from molecular and cellular biology. Concurrently, new understandings (in the 
physical sciences) have brought us innovative and increasingly powerful imaging 
techniques. Biomedical research continues to fuel technology, which in turn is 
offering more and more advances with direct application to health care. These 
advances, though increasingly powerful in diagnosis and therapy, are often expen- 
sive. This raises concern at the national level about the eventual impact of 
biomedical research upon the cost of health care.” 
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Responding to this theme, Lloyd H. Smith, Jr., Professor 
of Medicine and Associate Dean at UCSF, discussed the 
importance of feedback from the basic sciences to clinical 
research and clinical practice. Although the interval between 
discovery and application may be several years, the founda- 
tion of modern medicine is built on solid research in biological 
and physical sciences. 

The host for the meeting, Alexander Margulis, commented 
that these advances also pose difficulties that require changes 
in education, training, and the organization of hospitals, as 
well as large initial expenditures for equipment. He observed, 
“These advances are also part of the ever-increasing gap in 
medicine between the industrialized nations and the Third 
World.” In welcoming the attendees, Julius Krevans, Chan- 
cellor of UCSF, asked the questions that constantly confront 
medicine, “How do we rationally apply the new technology? 
The technology can do wonders; can we organize it properly? 
Can we afford it?” 


Expenditures for Health Care and Medical Imaging 


In developing perspectives about expenditures in individual 
national health-care systems, the speakers often offered data 
on health-care costs as a fraction of gross national product 
(GNP). The wide range of individual national investments in 
health care is evident in Figures 1 and 2 [1, 2]. In some of the 
industrialized countries of Europe and in Japan and the United 
States, the average fractional expenditure for health has 
doubled in the past 20 years (Fig. 2). In countries that are 
suffering economic decline, such as Brazil and Yugoslavia, 
health-care expenditures have declined. 

In the United States in 1984, $387 billion was spent on all 
types of health care, representing 11% of the gross national 
product. This amounted to $1580 per person, a figure higher 
than the average per capita income in most Third-World 
countries. Two decades earlier (1965), the expenditure was 
$50 billion, 6% of the GNP. Robert Derzon, former Director 
of the Health Care Financing Administration, quoted data that 
U.S. health expenditures in the 1980s continued to rise at 
4.5-7% (in constant dollars), which on an annual basis is 
faster than in the 1970s when there was double-digit inflation. 
“With the use of hospitals now at a 20-year low, physician 
discounting more prevalent, health maintenance organization 
(HMO) enrollment growing at 20% per year (total care by 
fixed payment), diagnostic related group (DRG) fixed pricing 
now in its third year (hospital care by fixed payment), and 
supposedly tough price negotiations between purchasers and 
suppliers the order of the day, why do health costs continue 
to grow? As a nation, the U.S. is still in the throes of higher 
expenditures, which argues that Americans continue to buy 
the health care they want regardless of cost.” Derzon went 
on to explain, “The health-care services of this country have 
changed for the better as technology has applied the fruits of 
scientific advancement. In contrast with the past, we have a 
different health-care service—a more intense, productive hos- 
pital day, sharper radiographic images, more useful drugs, 
and new therapies heretofore unavailable. Technology has 
brought extraordinary advancement to the care of patients.” 
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Fig. 1.—Gross national product 
per person in 1985 in selected in- 
dustrialized and other nations. Pro- 


vided by Professor A. L. Baert. 
Used with permission of The Econ- 
omist [1]. Graph reworked. 
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These improvements are being provided to an increasingly 
larger population as financing entitlement broadens and life 
span lengthens. 

Of special interest to the attendees was the fraction of 
health-care costs attributable to diagnostic imaging. In offer- 
ing industry’s perspectives on past and future markets for 
high technology, Peter Grassmann, Vice President of Siemens 
AG Medical Engineering Group, noted that sales of elec- 
tromedical equipment in the United States in 1984 amounted 
to about 1.1% of the $387 billion total expenditures on health 
(Fig. 3) [3]. The United States dominates the sale of Siemens 
CT units, owning nearly half of those sold throughout the 
world (Fig. 4). 

The 1.1% figure is only a partial statement of total imaging 
expenditures. William Kerr, Director of the UCSF Medical 
Center, developed some projections about operating expen- 
ditures for CT. Assuming that 2400 CT units were operational 
in 1985 and these were each treating 15 patients per day, he 
estimated approximately 9 million CT procedures were per- 
formed. At an average technical cost of $250 this would 
amount to $2.2 billion nationwide, not including professional 
fees. 

Ronald Evens, Professor of Radiology at Washington Uni- 
versity, offered some complementary information. In his study 
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of the national radiation burden from CT [4], estimates of total 
CT examinations in the United States in 1983 were 5 to 5.5 
million mace on about 2000 CT units. If we assume 20% 
increase per year through 1985, the total in 1985 would be 7 
to 7.7 million or (at $250 per procedure, excluding professional 
fees) an expenditure of about $1.8 billion. If professional fees 
average $100 per procedure, the total nationwide bill for CT 
in 1985 was about $2.6 billion. In further projections, Kerr 
stated that CT, sonography, digital subtraction angiography, 
nuclear medicine, and MR imaging constituted approximately 
15% of all imaging done in U.S. hospitals in 1985 and that 
these accounted for approximately 35% of all hospital imaging 
revenue or $4.9 billion dollars. Adding a professional compo- 
nent averaging 35% of the total brings this to $7.5 billion. 
Private offices and free-standing imaging centers probably 
provide anether 25-30% of such imaging, for a total of $10 
billion. With another $3.5 billion for new equipment (Fig. 3, 
large equipment), the total spent on new imaging procedures 
in the United States was approximately $13.5 billion, 3.5% of 
total health expenditures. 

To get some idea of these costs in other countries, the 
proliferation of CT units provides an imperfect index (Table 
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TABLE 1: World Distribution of CT Scanners, 1985 





n TE Population 
ountry : per 
Scanners Sanha 
Japan 3000 39,000 
United States 3500 68,000 
West Germany 451 137,000 
Norway 27 148,000 
Switzerland 40 162,000 
Belgium 60 167,000 
Sweden 45 177,000 
Denmark 23 217,000 
Austria 30 250,000 
Italy 202 277,000 
Spain 120 317,000 
Netherlands 45 322,000 
France 150 360,000 
Greece 24 417,000 
Great Britain 131 427,000 


ea PTRA 2 A er eS EZ eS L ere ie R o SEs 
Note.—Distribution of CT scanners in 1985 in selected countries. Data 
provided by Professor C. B. A. J. Puijleart. 


1). In less affluent countries, purchasers have chosen lower- 
cost sonographic devices to substitute in part for some CT 
functions. 

Professor William Hare of the University of Melbourne com- 
mented on the proliferation of CT in Australia. Since its 
introduction in 1975, CT has diffused through the private 
sector with virtually no government constraints so that there 
are now 145 scanners in place. On average, one of every 60 
citizens receives a CT scan per year, accounting for over 2% 
of the entire compulsory health insurance budget. Professor 
Martti Kormano of the University of Turku reported that 
purchases of imaging equipment in Finland make up about 
1.5% of the annual health-care budget, similar to the U.S. 
budget, but with conventional X-ray equipment composing 
the largest fraction. Professor Jerzy Wojtowicz of the Univer- 
sity Medical School in Poznan described the low expenditure 
on health care in Poland, approximately $2.7 billion, less than 
1% of that in the United States for a population one-sixth the 
size (37 million). CT examinations are correspondingly less 
frequent, 1 per 1000 inhabitants per year vs 1 per 25-30 in 
the United States. 

Contrasting with health-care outlays in the industrialized 
nations is the paucity of investment for health in the devel- 
oping and least-developed countries. Professor Walter Fuchs, 
Secretary of the International Society for Radiology (ISR), 
observed that “More than % of the world population is at 
present covered by radiological services at an unsatisfactory 
level. Medical radiology serves as the example of expensive 
high-technology medicine.” Referring to data collected by the 
World Health Organization (WHO), he noted that in industrial- 
ized countries, one X-ray machine is available for every 1500- 
10,000 inhabitants and one diagnostic radiologist for every 
10,000-30,000 people. In developing countries radiologic 
services are 3-5 times less available, and in the least-devel- 
oped countries radiologic services are appalling; one X-ray 
machine is available for every 500,000-1 million people and 
one diagnostic radiologist for every 100,000-2 million people. 
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The annual number of radiologic examinations may be as few 
as 10 per 1000. 

In these countries, promotion of radiology properly begins 
with basic X-ray equipment. In recent years, WHO has devel- 
oped a Basic Radiological System (BRS) that is simple in 
design and reasonable in cost and that uses medium-tre- 
quency invertor-generator technology [5]. It may be inde- 
pendent of external power sources and local maintenance 
service. Promotion of radiology also includes regional training 
centers. One such center has been established through co- 
operative efforts of WHO and ISR at the University of Nairobi, 
Kenya. Professor Fuchs hopes to interest radiologists world- 
wide in supporting this first small step to meet a large need. 

Speaking to the same point, Sudarshan Aggarwal, Honor- 
ary General Secretary of the Indian Radiological Association, 
described conditions in India. In rural areas, gastroenteritis, 
malaria, tuberculosis, leprosy, amebiasis, and blindness are 
common problems for which the BRS would be high technol- 
ogy. But in the major cities, high technology not only exists 
but is abused. High-cost imaging equipment and unexpect- 
edly high returns have brought unscrupulous nonradiologists 
into the CT-scanning business. The abuse is further com- 
pounded by the inadequate training of the radiologists who 
operate this equipment. 


Government Responses to New Technology 


In all countries, government is involved in the provision of 
health care, but there are great variations worldwide, depend- 
ing on the social system and the mechanisms and extent of 
investment. This symposium provided only glimpses of so- 
Cialist government responses to new imaging technology. In 
countries such as Poland and Yugoslavia, the citizens are 
entitled to health services without charge. But the govern- 
ments, by total control on investment in facilities and equip- 
ment, health-care personnel, and operations, set the quality 
of the health services delivered. Representatives from these 
two countries indicated that new imaging equipment is being 
introduced slowly and at the sacrifice of preexisting services 
within constrained and relatively low budgets. CT installations 
are few but are heavily used. MR imaging has yet to be 
introduced. 

In capitalistic countries where several types of medical 
service exist side by side, governmental controls are much 
more varied and often indirect. In full-entitlement programs 
such as government-employee or military veterans hospital 
systems, government involvement is similar to that in the 
socialized countries. But where private practice exists, gov- 
ernment involvement is often expressed by regulation of the 
acquisition of equipment and control of reimbursement to 
providers. 

Professor William Hare explained that Australian citizens 
are provided health care under two systems. The majority 
receive private health care and are insured under a compul- 
sory system that rebates them for charges by providers. The 
patient is entitled to 85% for each service item in a medical- 
benefits fee schedule and thus is responsible for a 15% co- 
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insurance payment. With governmental reimbursement at 
85%, CT installations under private control have proliferated 
rapidly and the government is currently looking at strategies 
to control the escalation of costs. Reduction of the rebate 
has been rejected as an undue burden on the patient, and 
the alternative of reducing the fee schedule has been pro- 
posed, thus putting the burden on the provider—the radiolo- 
gist. In one state, certificate-of-need legislation has also been 
imposed to restrict additional private scanners. The Australian 
government also operates public hospitals that provide free 
services to entitled individuals. Federal grants through state 
health departments are the mechanism for funding these 
nonprivate health services. 

With regard to MR imaging, the Australian government has 
taken a different approach, sharply restricting diffusion. A 
National Health Technology Advisory panel has recom- 
mended initial installations in five state hospitals. The govern- 
ment will fund the purchase of equipment and provide an 
annual grant to each MR center for an evaluation program. 
Hospital costs and professional fees will be charged to the 
patient, who will be reimbursed by the government. Only after 
2 or more years of evaluation will further installations be 
considered. 

In Belgium, as described by Professor A. L. Baert of the 
University of Leuven, a similar social security system covers 
nearly all the population. This system functions through reim- 
bursement of patient-days to the hospital and through a fee- 
for-service payment to the physician and paramedical aides. 
It is similar to the “output-financed” system in the United 
States before the recent imposition of DRG regulations. In 
Belgium, health-care expenditures have increased 2.5 times 
between 1975 and 1985, and part of this growth can be 
attributed to an increase in the number of physicians and 
other health-care providers. As in the United States, length of 
hospital stay has decreased but total patient-day expenses, 
increasing admissions, and steeply rising operating costs 
have contributed to the larger total expenditures. Of this total, 
imaging procedures in 1985 accounted for 6.5% of the ex- 
penditure, an estimate higher than that for the United States. 
Professor Baert’s detailed exposition indicated that most 
conventional radiologic procedures have not decreased de- 
spite the introduction of sonography and CT. Faced with 
threats of overutilization and cost explosion, the Belgian 
government is considering changing the output-financed Sys- 
tem to a fixed-budget system to control future growth. Belgian 
radiologists are understandably apprehensive about the pos- 
sibilities of lessened services and decreased quality of prac- 
tice. 

In Brazil, an economic recession and drastic inflation have 
deeply affected medicine and especially radiology. To a large 
extent, the population has had to rely on private medicine for 
access to modern technology. Professor Luiz Mattoso of the 
Rio de Janeiro State University described the difficulties that 
radiologists encounter in acquiring such equipment, all of 
which must be manufactured outside Brazil and on which 
expensive import licenses and taxes are imposed. Through a 
health-insurance system, the Government Health Agency 
pays for 90% of diagnostic-imaging procedures, 85% of which 
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are done in private facilities and the remainder in government 
facilities. Of the 5000 sonographic installations the govern- 
ment owns only 93, and of the 65 CT scanners the govern- 
ment owns only five. The government policy has been that, 
with a large population, many of whom are malnourished and 
underprivileged, federal expenses must be used for basic 
care. It also declares that its investments in imaging equip- 
ment should be primarily in conventional radiography and 
sonographic installations, with more advanced equipment 
limited to medical centers located in the larger cities. It is 
hoped that new economic policies to stop inflation will ease 
procurement problems for private radiology so that the ben- 
efits of high technology may be made more broadly available. 

The health system in Italy was reviewed briefly by Professor 
Plinio Rossi of the Institute of Radiology in Rome. Although 
the health system is funded centrally, local health units have 
more control than they do in other industrial countries. This 
results in some geographic unevenness in expenditures for 
health care and imaging equipment. Nevertheless, the number 
of installations per population approaches that of the most 
advanced countries including the United States, Japan, and 
West Germany. Growth of installations has been steadily 
rising, resulting in government determination to limit the new- 
est technologies, MR imaging and positron emission tomog- 
raphy (PET). For these, the Ministry of Health in the national 
government will examine individual applications and authorize 
a 2-year trial period for selected centers to establish their 
practice and expertise. This is the first such central control of 
medical installations in Italy. 

Thus, government initiatives are taking place in other coun- 
tries as well as in the United States. The response in the 
United States has been pluralistic, elaborate, and changing. 
As pointed out by Mr. Derzon, the federal government is the 
ultimate payor for approximately 40% of total expenditures 
for health, a lesser fraction than in many other countries but 
still sufficient to set the standards for other payors (private 
insurance companies and individual state health programs, 
the latter receiving federal government contributions through 
Medicaid). With expenditures for health at nearly 11% of the 
GNP and rising every year, intense concern for a seemingly 
autonomous U.S. health industry is understandable. 

Initially services were paid after delivery by the patient 
himself or by government and private insurance to provider 
hospitals and physicians either directly or through reimburse- 
ment to the patient. In the belief that high technology was 
fuel for increasing consumption, certificate-of-need (CON) 
legislation was established in 1976 to control the installation 
of CT scanners. Final approval was left to individual states, 
which adopted varying philosophies, some strict and others 
more lenient on the assumption that market forces would 
prevail. Indeed, market forces did prevail in many states, and 
CON requirements were ineffective because outpatient CT 
installations did not come under the regulations. Although 
CON requirements still exist in many states, they are ineffec- 
tive in controlling the dispersal of MR imagers. The exclusion 
of nonhospital installations from regulations has contributed 
to the development of free-standing outpatient imaging cen- 
ters. 
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The U.S. government's largest outlay for health care is the 
entitlement of citizens 65 years and over for coverage of the 
majority of their health-care expenses by Medicare. Initially, 
reimbursement to hospitals through part A was for actual 
costs and to physicians through part B for “reasonable and 
customary fees.” The system had no incentives for control of 
use: rather it encouraged hospital admissions and expendi- 
tures. To achieve some control, the government imposed 
increasing uncovered initial costs for patients, deductibles or 
co-payments that by standards in other countries are low, 
(e.g., Australia at 15%). It also imposed limits on physician 
reimbursement, paying only 80% of otherwise approved fees. 
Most recently the attempt to control hospital reimbursement 
has been through the elaborate DRG system, which is based 
on retrospective determination of the average recent cost of 
hospitalization for a large number of disease and procedural 
entities. With a few exceptions, payment to the hospitals is 
predetermined and fixed and includes all expenditures includ- 
ing diagnostic imaging. The basic concept is that selection of 
procedures for diagnosis and treatment will be left to the 
physicians, interacting with the hospitals, so as to limit ex- 
penditures within the proscribed DRG payment. 

Consistent with the illogical application of the CON regula- 
tions, DRG principles also do not apply to outpatient care. 
Medicare continues to reimburse outpatient care after the 
service, albeit with definite schedules. Thus, expenses for 
MR imaging in the hospital must be incorporated into fixed 
DRG reimbursement, but such expenses are reimbursed in- 
dependently in the outpatient setting. This has further stimu- 
lated independent imaging centers and has separated ad- 
vanced imaging technology from hospitalized patients. In fact, 
the federal initiatives, which taken together discourage hos- 
pitalization, have resulted in hospital closures and increasing 
competition for patients among surviving hospitals. Hence, in 
the United States health care has become an overtly marketed 
commodity. 

Thus, government responses to health-care expenditures, 
impelled by high technology and applied to an increasingly 
large and aging population, have changed the practice and 
image of medicine. One effect of the changing image has 
been to lessen interest in medicine as a career. Applications 
for medical school in the United States have declined 14% in 
the past 8 years, 8.5% from 1985 to 1986 alone [6]. It is an 
overstatement to ascribe this decrease to government initia- 
tives only, because rising educational costs and the length of 
training have also influenced student interest [7]. 

Much of the foregoing is taken from an address by Robert 
Derzon, in which he also observed that U.S. government 
initiatives are strictly cost-oriented. They place the burden of 
maintaining quality care on the physician and hospitals. He 
summed up his thoughts for the future: “The government 
continues to be an enormous stake-holder in the progressive 
application and payment for new and high-cost technologies. 
Its priorities in recent years and those in the foreseeable 
future are to control costs. Technologies that reduce total 
care costs tend to be more welcome than those that do not, 
particularly if the quality of care is enhanced. We will see 
more fine tuning of coverage decisions, surely tighter limits 
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on the pricing of professional services and free-standing 
centers, and little relief to hospitals for advancing technologies 
through the DRG process. That suggests that manufacturers 
will target their efforts toward cost-reducing technologies. It 
also suggests that advocates for new services will be bur- 
dened by a higher standard of proof that these emerging 
technologies do not raise costs for minimal benefits to bene- 
ficiaries of public programs.” 


Changes in Practice Resulting from New Imaging 
Technologies 


A recurring theme was woven into the Offerings of many 
speakers and echoed in Mr. Derzon’s preceding comments: 
How does new technology benefit the patient? Is it worth the 
cost? How much “bang for the buck”? The efficacy of a new 
diagnostic method can be considered at several levels that 
are progressively more difficult to examine [8]. Is the method 
safe? Does the method do what it is purported to do (i.e., is 
it accurate)? Is the method better than previous methods and 
can it replace them? Is treatment-planning enhanced? Is 
outcome from disease better or is mortality improved? Al- 
though new imaging methods have gained great popularity 
and widespread acceptance, rigorous assessment in line with 
the above criteria has often been lacking. In the following 
paragraphs, the presentations at the symposium are consid- 
ered according to the level of efficacy they addressed. 


Improved Diagnosis 


The conference was privileged to hear from Professors K. 
C. Lee and G. Zheng from the Beijing Institute of Geriatrics 
and Sun Yet-Sen University of Medical Sciences in Canton, 
respectively. They described their initial experience with CT 
(there are now 140 CT installations in the People’s Republic 
of China). All provincial hospitals except those in Tibet have 
CT scanners. In reviewing 2000 consecutive personal exam- 
inations, they found that a confident statement of normality 
or a disease entity was made in 82%. In only 18% was CT 
indeterminate. In 2 years, they recognized 11 liver carcinomas 
less than 5 cm diameter; in the preceding 12 years, only 16 
similar cases had been identified in their hospitals. 

Professor Carlos Bruguera of the University of Buenos Aires 
described the introduction of sonography in Brazil as a low- 
cost, effective way to examine the upper abdomen. As many 
as 30 examinations are made per day, videotaped for teach- 
ing, and coupled with thin-needle percutaneous biopsy for 
prompt, specific identification of abnormalities. Commenting 
enthusiastically about potentials for simplifying diagnostic 
workup, he also noted that the main obstacle to widespread 
diffusion was limited opportunities for training. 

Professor Gretchen Gooding of UCSF also offered optimis- 
tic projections for the dissemination of sonography, noting 
that its ease of use and low cost with no hazard to patients 
will encourage its adoption by other medical specialists. She 
anticipates, “Eventually, as technology advances, | foresee 
physicians using hand-held portable ultrasound units for their 
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physical examinations, the way the stethoscope is universally 
used now.” 

While sympathetic to widening applications of sonography, 
Professor Roy Filly, also of UCSF, commented on the unde- 
sirable effects of the rapid proliferation of instrumentation. 
Many U.S. physicians with little or no training have exploited 
the method for economic gain. Competition between doctors 
and erroneous diagnosis by inexpert examiners adversely 
affect the costs and outcome of health services. He recom- 
mended mandatory training, proficiency examinations, and no 
reimbursement for self-referral to contain these undesirable 
features. 

Commenting on application of new methods to uroradiol- 
ogy, Professor Hedvig Hricak of UCSF noted diminishing use 
of excretory urography and replacement by sonography in 
the initial workup. CT has proved to be the most accurate 
method for identifying renal carcinoma, whereas MR imaging 
is superior for staging. In her view, optimal modern uroradiol- 
ogy requires mastery of all techniques, clinical expertise, and 
cost-efficient selection to provide better quality of life for 
patients with renal malignancies. 


Substitution and Cost Reduction 


Addressing the question “Is high-tech. medicine high-cost 
medicine?” Stephen Schroeder, Professor of Medicine at 
UCSF, offered answers from two different settings. To assess 
whether changes in clinical practice contributed to rising 
hospital costs, Showstack et al. [9] reviewed 2011 patients 
hospitalized at UCSF in the years 1972, 1977, and 1982. For 
most of the 11 diagnoses studied, there was little change in 
total use of services by patients (Fig. 5). In-hospital survival 
did not differ during the decade; length of stay, number of 
special-care days, and use of laboratory services generally 
remained the same or declined. Only for patients with acute 
myocardial infarction did the use of imaging procedures in- 
crease substantially (e.g., cardiac catheterization was pro- 
vided to 2% of patients in 1977 and 40% in 1982). 

Contrary to conventional wisdom, ‘“little-ticket” procedures 
such as laboratory tests did not contribute to rising costs and 
new imaging techniques were commonly substituted for older, 
more-invasive procedures. The primary causes of rising costs 
were (1) the use of surgery for patients admitted for acute 
myocardial infarction, obstetric delivery, and respiratory dis- 
tress syndrome of the newborn, and (2) the provision of other 
intensive treatments for the critically ill. 

Schroeder also offered some data from international com- 
parisons that indicated that the high cost of medical care in 
the United States may relate to the large investment in tech- 
nology and the high rates of expensive surgery. For example, 
coronary-artery bypass surgery is done about 20-25 times 
more frequently in the United States than in France or West 
Germany (Table 2). This suggests that individual patients in 
the United States may be managed in ways that are no more 
costly than those previously used but that the number of 
patients who receive expensive medical care has increased 
significantly. 
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Fig. 5.—Charges for 11 diseases or 50 
procedures at Moffit Hospital, Univer- hiisi 
sity of California, in 1972, 1977, and 45 discharged In: 
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TABLE 2: Coronary Artery Surgery: Procedure per Million 
Population, 1878 





Country Frequency 

France 19 
West Germany 29” 
Sweden 37 
United Kingdom 74 
Netherlands 782° 
Australia 150? 
lreland 233° 
United States 483° 





Note.—Data provided by Professor S. A. Schroeder. 
* Projected from earlier years. 
© Done abroad. 


More immediately relevant to radiology are some observa- 
tions offered by Professor Carl Puijleart of the University of 
Utrecht. Comparison of the number of radiology procedures 
was made im several large hospitals before and after the 
introduction of CT and against equally large hospitals without 
CT. After the introduction of CT, there appeared to be a 
significant substitution effect. Between 1977 and 1984, the 
number of diagnostic radiology procedures per patient in- 
creased approximately 12% in hospitals without CT and 
decreased approximately 15% in those with CT (Fig. 6). 
Moreoever, the hospitals with CT had an average inpatient 
stay shorter than those without CT (Fig. 7). If indeed the two 
groups of hospitals were similar in size, patient mix, and other 
characteristics (as the author assured they were), the data 
strongly suggest that CT can contribute to overall reduction 
of conventiomal radiography and length of hospital stay. This 
information was derived from medical thesis research by F. 
H. Barneveld Binkhuysen of the University of Utrecht. 

In somewnat less-extensive studies of the substitution 
effect, Professor Roland Felix of the Free University of Berlin 
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reported on the effects of introducing digital subtraction an- 
giography (DSA) for conventional angiography. During a 3- 
year period, DSA studies were performed three times more 
frequently than conventional angiograms had been previously, 
but their costs were only 1.6 times greater, indicating that the 
DSA examinations were less costly individually. Their more 
frequent application relates to their less-invasive nature and 
better tolerance by patients and to the increasing clinical 
indications for angiography. 

Concerning DSA, Takahiro Kozuka, Professor of Radiology 
at the Osaka University Medical School, reported that DSA 
for evaluation of the left ventricle and coronary-bypass grafts 
may be an acceptable substitute for conventional technique. 
Contrast injection is made in the ascending aorta, and sub- 
traction images are obtained by ECG-matched preinjection 
masks. A 4-French catheter is used, and costs are decreased 
because patients need not remain hospitalized after the pro- 
cedure. The images are qualitatively nearly equal to conven- 
tional angiographic images. Furthermore, DSA also permits 
densitometry of the myocardium, which allows quantitative 
estimation of the coronary vascular bed and blood flow. 
Estimates of perfusion correlated closely with contemporary 
thallium-201 imaging of regional perfusion. 


Modification of Treatment 


Interventional radiology has developed simultaneously with 
new imaging methods and takes advantage of sonography 
and CT for guidance in biopsy, drainage of abscesses, and 
other interventions. DSA is used frequently in transluminal 
angioplasties and intraductal catheterization procedures. 
Moreover, like the imaging methods themselves, interven- 
tional radiology requires intensive attention from a radiologist 
and frequently can be time consuming. Its evolution is still in 
process, and a whole new therapeutic realm dependent on 
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Fig. 6.—Change in number of radiodiagnostic examinations in hospitals 
with and without CT equipment in the Netherlands, 1977-1984. Provided 
by Professor C. A. B. J. Puijleart. 


high-technology imaging has developed. Through percuta- 
neous histologic sampling and through drainage of infection 
and relief of obstruction, interventional radiology manifestly 
alters treatment planning, often Substituting for major surgery. 

Offering a brief review of interventional radiology in Den- 
mark, Professor Thorkild Mygind of the University of Copen- 
hagen described the treatment of biliary obstruction by trans- 
hepatic placement of 284 biliary endoprostheses in the past 
5 years. Although survival time was not extended, quality of 
life was greatly improved through relief of jaundice and elimi- 
nation of external bilia7y drainage. He also commented on 
improvements in staging pancreatic Carcinoma, describing 
how digital venography by arterial injection is now useful in 
determining the resectability of hepatic and pancreatic carci- 
nomas. Professor Ernest J. Ring of UCSF echoed Mygind’s 
enthusiasm and described promising experiences in manag- 
ing cancer of the liver with percutaneously placed arterial 
emboli and catheter-administered chemotherapy. 

Historically, imaging methods have been valuable in military 
medicine, and high-technology imaging has had its trial in the 
casualties of the 1982 conflict in Lebanon. Professor Alex 
Rosenberger of the University of Haifa commented on the 
emergence of CT as the most valuable method for definitive 
guidance for treatment of wounds of the cranium, thorax, and 
abdomen. Nearly 80% of the casualties entering Rambam 
Medical Center underwent diagnostic imaging. CT was used 
in virtually all cranial-facial, spine, and pelvic injuries: many 
injuries of the abdomen; and 25% of thoracic injuries. Often 
carried out at the time of clinical instability, CT justified its 
introduction into the management protocol by its usefulness 
in treatment-planning. 

Less dramatic than the management of warfare trauma but 
potentially useful in directing management to prevent fracture 
is bone-mineral measurement. Several methods are available. 
Single-photon absorptiometry, dual-photon absorptiometry, 
and quantitative CT are now widely applied for estimating the 
extent of postmenopausal osteoporosis. Professor Harry 
Genant of UCSF commented on the emergence of these 
methods into the mainstream of medical practice for estimat- 
ing the risks of spinal and femoral fractures and for guiding 
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Fig. 7.—Change in length of patient stay in hospitals with and without 
CT equipment in the Netherlands, 1977-1984. Provided by Professor C. A. 
B. J. Puijieart. 


recalcification treatment. Experience has documented that 
Stabilization of bone density can be obtained with combined 
calcium supplements and estrogen replacement. Alternative 
antidemineralization agents such as calcitonin, vitamin D, and 
sodium fluoride are also being used. Intelligent application of 
these agents requires serial bone densitometry. 


Improved Survival, Decreased Mortality 


Demenstration of the ultimate benefit of diagnostic imaging 
(i.e., prolonging life) is an end point often sought by health- 
care planners and analysts. At this meeting, two presentations 
related to such achievement. 

Professor Gui Lin of Shanghai First Medical College de- 
scribed an ongoing study of the detection and treatment of 
primary liver cancer, a common problem in China. The alpha- 
fetoprotein test was used for primary screening, and diagnos- 
tic imaging was used for investigation of suspected cases. 
Five-year survival increased from 2.6% in the control period, 
1961-1970 (n = 387), to 6.5% in 1971-1976 (n = 250), and 
to 20.6% in the study period, 1977-1982 (n = 316). Four 
methods of hepatic imaging, selective arteriography, B-mode 
sonography, CT, and scintigraphy were all applied before 
partial hepatectomy. Arteriography had the highest sensitivity, 
89.5%, and scintigraphy the lowest, 73.8%. When patients 
were considered in terms of the stage of their tumors (1971- 
1982), those with subclinical hepatocellular carcinoma (n = 
100) had a 5-year survival rate of 43.9%, and those with 
clinical hepatocellular carcinoma (n = 466) had a 5-year 
Survival rate of 4.2%. Thus, for patients with hepatic cancer, 
early detection, in which diagnostic imaging plays a major 
role, greatly enhances survival. 

The second paper describing improved cancer survival 
throughdiagnostic imaging was presented by Professor Hans 
Ringertz of the Karolinska Institute. The Swedish government 
has recommended that all women over the age of 40 years 
undergo screening mammography for breast cancer. This 
was based on a randomized study starting in 1977, the WE 
Project, in which one-film mammograms were made at 24- 
month intervals resulting in 31% lower mortality in the study 
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group vs the control group (Tables 3 and 4). Universal mam- 
mographic screening for women between the ages of 40 and 
54 years has now been mandated and includes two-film 
mammography at 18-month intervals with each examination 
read by two radiologists. Women who are 55-74 years old 
will have single-film mammography at 24-month intervals. It 
is expected that seven cancers per thousand will be detected 
on primary screening and that three additional cancers will be 
detected on follow-up screening. This ambitious project, while 
seemingly meritorious, has serious logistic problems, the most 
important being the lack of radiologists. Currently in Sweden 
there are positions available for 777 radiologists, but there 
are only 519 in practice and 131 in training. The 100 additional 
radiologists required for the start-up of the mammography 
project in 1990 will not be available without special measures. 
In the United States high cost is a deterrent to universal 
mammography; in Sweden the deterrent may be insufficient 
personnel. 


Research 


Several brief overviews of current research in imaging 
technology gave glimpses of what the future may hold. Walter 
L. Robb, Senior Vice President and Director of The Research 
and Development Laboratory, General Electric, opened the 
session with some illuminating comments about future direc- 
tions of research. He noted that as growing quantities of 
imaging data become more readily available, better ways of 
handling them may be emerging from the revolutions now 
under way in microelectronics, computer science, and what 
may be called the “human interface.” The goals will be new 
ways to extract more effectively information from data, to 
obtain knowledge from information, and perhaps to obtain 
wisdom from knowledge. 


High-Speed CT 


The physica! features and performance of the ultrafast CT 
system, the Imatron, were discussed by its inventor, Douglas 
Boyd. It can make 17 50-msec scans per second with a 
resolution of seven line pairs per mm, a truly remarkable 
performance. The system places heavy demands on com- 
puter processing and reconstruction, and further improve- 
ment of performance will depend on the costs of computer 
and semiconductor components. 

The instrument has had its primary applications in cardiac 
imaging, for which it was designed. Professor Martin Lipton 
of UCSF described a multicenter trial of its capability to show 
the status of coronary-bypass grafts. In comparison with 
conventional angiography, ultrafast CT sensitivity for detect- 
ing open grafts was 93.4% and specificity for detecting closed 
grafts was 88.9%, a predictive accuracy of 92.1%. It is a 
minimally invasive technique for evaluating bypass grafts with 
a high level of confidence. Myocardial perfusion in dogs has 
also been studied with the instrument, yielding encouraging 
results that ultrafast CT may be applied in patients for this 
purpose [10]. Kozuka showed that digital subtraction aortog- 
raphy is comparably effective in showing coronary-bypass 
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TABLE 3: The WE Project in Sweden 





e Randomized study started in 1977 
e At randomization 163,000 women were 40 years old or older 
94,000 were in the study group 
69,000 were in the control group 
e Screening with 1-film mammograms 
e 24-month interval between examinations 
e Frequency of participation 
89% for women 40-74 years old 
<50% for women older than 74 years old 





Note.—Data provided by Professor H. G. Ringertz. 


TABLE 4: Results of the WE Project in Sweden 





e 31% lower mortality in breast cancer in the study group (87-125) 

e 39% lower mortality in breast cancer in the age group 50 to 74 
years old 

e No significant mortality difference in the age group 40 to 49 years 
old 





Note.—Data provided by Professor H. G. Ringertz. 


graft patency and myocardial perfusion but with equipment 
that cost substantially less than CT equipment. 


MR Imaging 


MR imaging is still undergoing technologic evolution, and 
the extent to which it will compete effectively with CT will 
depend on improvements in resolution and faster imaging. An 
informative overview of technical developments in the imme- 
diate future was presented by Andre Luiten, Senior Scientist 
of Philips Medical Systems. Noise in the MR image can be 
reduced by high-sensitivity detectors such as closely coupled 
surface coils that optimally match the shape and position of 
the organ to be examined. Image contrast can further be 
increased by special RF-pulse sequences, which are now 
possible with stronger gradient fields and modulation tech- 
niques. Image degradation due to motion blurring will be 
practically eliminated by synchronization and gating tech- 
niques as well as by faster imaging sequences. Luiten also 
observed that MR systems may be less costly if MR perform- 
ance is matched more closely to diagnostic requirements. 
Thus MR systems may be designed specifically for economy, 
for dedicated purposes, or for universal application. 

Confirming these projections, Professor Brian Worthington 
of the University of Nottingham revealed that the echo-planar 
variant of MR imaging can operate in real-time mode up to 
20 images per second. It has already been applied to imaging 
heart disease in both children and adults and has the potential 
for analysis of CSF dynamics. Professor Lawrence Crooks of 
UCSF noted that image quality in the UCSF Radiological 
Imaging Laboratory has been improved significantly in the 
past 3 years with signal-to-noise ratio reduction by a factor 
of seven, principally because of more efficient RF coils and 
coils targeted for specific organs. Moreover, imaging times 
have been reduced to a few seconds for some applications 
and, with echo-planar imaging, they may be reduced to 0.1 
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sec. Exciting clinical applications of dynamic imaging will be 
made possible by these improvements. 

MR techniques also can provide in vivo spectroscopy of 
several atoms, phosphorus, sodium, carbon, and hydrogen. 
Magnetic fields must be strong and uniform for effective 
recognition of low concentrations of metabolites. Professor 
Thomas James of UCSF described °'P spectroscopy that is 
already in use for identification of several muscle myopathies 
and that can be used to predict preoperatively the survival of 
cadaveric kidneys after transplantation. 

Professor Charles Higgins of UCSF reviewed applications 
of MR spectroscopy to myocardial disease and tumor bio- 
chemistry. He described encouraging prospects for evaluating 
in vivo chemotherapeutic effects on tumors and the reversi- 
bility of ischemic myocardial injury with spectroscopic studies 
of *'P and *°Na, applications of considerable significance. 


Positron Emission Tomography 


Positron emission tomography (PET) is a powerful imaging 
technique capable of unprecedented examination of the 
chemistry of the living, working brain [11]. Professor Henry 
Wagner of Johns Hopkins University described successful 
display of different neuroreceptor systems for dopamine, 
serotonin, opiates, benzodiazepine, and acetocholine in nor- 
mal individuals and in patients with different neuropsychiatric 
diseases. He observed that dopamine receptors in normal 
men decrease by 50% between the ages of 20 and 70 years 
and to a lesser degree in women. Dopamine receptors are 
increased in schizophrenia, and effective drugs in such pa- 
tients nearly completely block these receptors in the caudate 
nucleus and putamen. By contrast, Parkinsonism is associ- 
ated with deficiency of dopamine receptors in the corpus 
striatum. Haldol, which is sometimes effective in reducing 
spasticity, enhances dopamine-receptor function. PET allows 
Clinical imaging of biochemistry that ties the function of the 
mind to the structure of the brain. In related comments, 
Professor Thomas Budinger of the University of California in 
Berkeley discussed high-resolution PET scanning. A new 
instrument developed by his team at the Donner Laboratory 
has 2.5-mm resolution for low concentrations of metabolites, 
promising to make structure and function correlations even 
more precise. We will soon begin to think of neuroanatomy in 
terms of special regional biochemical functions. 


Computer-Assisted Imaging Analysis 


Digitization of images makes possible computer-assisted 
analysis. Professor Uno Erikson described ongoing research 
at the University of Uppsala on pattern recognition in mam- 
mary cancer, structural change in rheumatoid arthritis, and 
analysis of lung morphology in pneumonoconiosis. A partic- 
ularly significant accomplishment has been the quantitation of 
atherosclerosis and the demonstration of its regression under 
lipid-lowering dietary manipulation. This encouraging infor- 
mation derives from a large multicenter study in Sweden 
involving volunteers with atherosclerosis who undergo femo- 
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ral angiography at 6-month intervals. Angiograms are made 
with magnification technique (2.3 times) by using a microfocus 
tube and are digitized with a drum scanner providing cross- 
sectional data about the volume of the arterial lumen and the 
mass of atherosclerotic plaques. This system, which is de- 
pendent on digitizing the image, has good reproducibility of 
measurements (correlation coefficient, 0.93) and has been 
further improved so that only a single-film, full-length angio- 
gram is now required. 

Study of the possibility of pattern recognition for mammary 
cancer is relevant to the nationwide screening project in 
Sweden for which there currently appears to be a shortage 
of adequately trained radiologists. In this connection, Wor- 
thington mentioned similar efforts in Nottingham to analyze 
mammograms by computer. Some success has been ob- 
tained on the basis of discriminant-function analysis, resulting 
in fewer false-positive diagnoses as compared with radiolo- 
gists’ interpretations and the same level of correct cancer 
diagnosis. But he observed that attempts to extend this 
analysis system to other uses were constrained by the long 
data-entry time and the problem of producing descriptors that 
could be codified without ambiguity. 


Image Transmission and Display 


Recent developments in image communications were re- 
viewed by Kalman Vizy, Senior Technical Marketing Specialist 
of Eastman Kodak. The desirability of effortless transmission 
of medical diagnostic information is unquestionable and has 
been amply conveyed to the industrial sector. However, prod- 
uct development has been undertaken reluctantly for three 
reasons. (1) Despite much coordinating effort between sup- 
pliers, users, and government, no system-wide standard has 
yet evolved to preclude predelivery obsolescence. (2) The 
increasing constraints on health-care reimbursement have 
sobered the views of manufacturers and purchasers of ex- 
pensive equipment. (3) Some of the key technologies required 
are still in evolution. The great volume of data that needs 
handling and archiving requires fiberoptics networks, optical- 
disk systems, high-definition television displays, all controlled 
by artificial intelligence and all user-friendly. An individual 
image may have 10°-10° bits and the archiving volume may 
amount to 10'° bits to be stored for 10 years. To be effective, 
the communication system would require 1- to 2-sec access 
and integration with the total hospital-information system. 

Despite such formidable reservations, Professor Stanley 
Baum of the University of Pennsylvania has taken initial steps 
to introduce a picture archiving and communication system 
(PACS) in his department. He believes a medical-image man- 
agement system can be justified in the present economic 
environment on the basis of reducing expenditures for record- 
room personnel, eliminating film and bulk storage, improving 
image availability, and affording opportunities for second di- 
agnostic opinions by remote consultation. He believes that 
the technology is at a stage where the exciting adventure in 
image transmission can be undertaken. His experience will 
be awaited with interest, particularly documentation of its 
cost-effectiveness. 
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Impacts on Teaching 


Most of today’s academicians went through medical school 
and clinical training before the emergence of MR imaging, yet 
they are the leaders in academic radiology who must intelli- 
gently incorporate this and other evolutionary advances into 
medical practice. Observing this dilemma, William Anlyan, 
Chancellor for Health Affairs at Duke University, gave his 
views on future requirements for suitable biomedical educa- 
tion and training. Students and residents must respond flexi- 
bly to rapid changes in information and methods and antici- 
pate a lifetime of self-education. Medical school does not 
provide a permanent data base. Students must also acquire 
computer-science skills; computer literacy should be a re- 
quirement for entry into medical school. The growing inter- 
dependence among specialists also requires that trainees 
have more multispecialty instruction and that they accept the 
fact that medical omnipotence is no longer feasible. The 
unknown advances that will emerge in a 30-40 year profes- 
sional lifetime may span a spectrum from the fruits of molec- 
ular research to the changing social systems in which those 
advances must be applied. Those who have participated in 
research and those with creative genius will be best able to 
adapt to a rapidly changing future. Such individuals must be 
sought, identified, and nourished in a new, longitudinal, edu- 
cational track. 

Anlyan went on to describe educational planning at Duke. 
The premedical program encourages volunteer work in a 
health-care setting, the undergraduate program incorporates 
in-depth study in selected basic sciences and clinical electives, 
and postgraduate training incorporates protected time in the 
laboratory with established investigators. Duke's program 
views medical education as a continuum from university, 
medical school, residency, to practice, with the probability of 
50% turnover of useful information every 5 years. 

William Hendee, Vice President for Science and Technology 
of the American Medical Association, subscribed to these 
precepts and observed that physicians entering radiology are 
widely held to be brighter, better educated, and more self- 
directed than at any time in the past. They desire the intellec- 
tual stimulation of clinical research as part of their training. 
However, financial support for that experience is seldom 
available from federal funds and is becoming more difficult to 
provide as constraints on reimbursement for patient care 
impair opportunities and support for clinical research. Al- 
though the recent decline in medical school applications has 
not been reflected in radiology, that is a prospect for which 
the field should be prepared. 

As spokesman for directors of radiology training programs 
in the United States, Professor Lee Rogers of Northwestern 
University commented on the difficulties that new technolo- 
gies introduce in training programs. While enhancing the 
importance of diagnostic radiology and radiology as a Career, 
these new methods have tended to fragment the specialty 
and to require longer and more intensive training. At times it 
may be difficult to ensure that each trainee gets sufficient 
experience to acquire adequate skills across the entire spec- 
trum of interventional techniques; no longer can one individual 
serve as a role model with capability in all clinical methods. 


INTERNATIONAL SYMPOSIUM SUMMARY 1121 


He also noted a risk that trainees may become so fascinated 
by manipulative procedures and technology that they may not 
function satisfactorily as broadly capable clinical consultants. 

The new requirements for indepth knowledge of anatomy 
and disease morphology as displayed by new images and the 
requirement for learning new hands-on procedures nave re- 
quired expansion of training. In the United States, training 
now takes generally 4 years after 1 or 2 clinical years. These 
developments are the radiologic embodiment of the medical 
future envisioned by Anlyan. Moreover, these are problems 
of success, success due to radiology’s expanded capabilities, 
which have heightened the expectations of both patients and 
clinicians. Some would look upon them as enviable problems. 

In Europe the proliferation of new imaging methods has 
been more restrained than in the United States, and radiologic 
staffs are generally smaller. In Austria, for example, virtually 
all imaging except some sonography is in the hands of radi- 
ologists, who make up only 2% of the physicians. But, as in 
the United States, teaching of both medical undergraduates 
and radiology trainees is a comparably large responsibility. In 
describing the teaching curricula, Professor Herbert Pokieser 
of the University of Vienna noted that the undergraduate 
curriculum is directed to the needs of nonradiologists (i.e., the 
function of different imaging technologies and the interpreta- 
tion of simple films for emergency purposes). The goal is to 
prepare students to be partners with, rather than substitutes 
for, radiologists. Self-education with teaching files and video- 
tapes is being introduced. But the curriculum for residents is 
lengthy and intense. The time-consuming new imaging pro- 
cedures and interventional radiology have required extending 
the training from 4 to 5 years, fully half of which is devoted 
to techniques other than conventional radiology. However, 
continued training in conventional radiology is essential, be- 
cause office-based radiologists will not have access to high- 
technology equipment. 

Professor Christian Hessler of the University of Vaudors, 
Lausanne, described a similar situation in Switzerland; sub- 
specialization is less developed than in the United States. 
Most radiologists are general radiologists and are expected 
to be capable with new methods as they are introduced into 
clinical practice. Training in radiology is a mandatory 4 years, 
of which about one-third is devoted to previous methods and 
the remainder to new techniques. The Swiss Board of Ra- 
diology expects that a successful candidate should be able 
to manage a small to middle-sized hospital (200-400 beds) in 
which he or she would work alone or with another individual. 
Often the trainees spend 1 year in smaller hospitals doing 
general radiology to prepare for this requirement. Those 
desiring subspecialization must seek it elsewhere and com- 
monly go abroad; in Switzerland, only two subspecialties are 
recognized, pediatric radiology and neuroradiology. 

In West Germany, interest in devices for self-instruction is 
high because of the heavy teaching load imposed by the new 
technologies. Professor Peter Peters of the University of 
Munster described the teaching load. For medical students, 
of whom there are 5000, a compulsory course in introductory 
radiology is held twice a year with 250 students in groups of 
ten instructed twice weekly for 2 hr. The entire staff of the 
department can be involved simultaneously. With this work- 


1122 


load, interactive teaching systems using slide projectors and 
small computers are attractive and are becoming available. 
However, they have not been widely accepted because of 
their expense and the time necessary to design and program 
intelligent dialogues. Designing and programming are contin- 
uing problems, even with newer methods of digital image 
storage. However, the prospects of sharing between institu- 
tions are improving, and it is now possible to anticipate 
internationally exchanged teaching materials. 

Exchanging teaching materials internationally is not a dis- 
tant reality, according to Professor A. E. van Voorthuisen of 
the University of Leiden. There the medical curriculum is 6 
years and is patterned after the problem-oriented approach 
originally conceived at McMaster University. Teaching in ra- 
diology is integrated with preclinical and clinical instruction, 
occupying 1.5-2% of the entire teaching program. Computer- 
assisted simulation is extensively used to help acquisition of 
problem-solving skills. Simple problems are used in the first 
year and complex clinical cases in later years. The student is 
given a short clinical history and then must acquire additional 
information by asking appropriate questions concerning phys- 
ical findings, laboratory tests, and radiologic investigations. 
After this “workup,” diagnostic and treatment options are 
offered and the student’s performance is scored. The clinician 
who wrote the program receives feedback on the individual 
and collective scores. According to van Voorthuisen, a clini- 
cian can compose a case in a few hours without prior com- 
puter experience by using simple instructions. For radiologic 
Purposes, images stored on a laser disk can be called up by 
the computer. The first completed disk contains 27,000 im- 
ages derived from all aspects of medicine, of which some 
3000 are radiologic. Image retrieval is random, within a frac- 
tion of a second, and of suitable quality for training purposes. 
This instructional program under the title C.A.S.E.S. (Com- 
puter Assisted Televideo Benelux BV, Dorpsweg 78, 1697 
KD Schellinkhout, the Netherlands) and the laser video disk 
known as MEDDIX DATA (VNV New Media Group, De Boe- 
lelaan 7, 1083 HJ Amsterdam, the Netherlands) are now 
commercially available in the Netherlands and ready for inter- 
national introduction. 

This method of teaching through problem-oriented inquiry 
may appeal to critics of non-Socratic education. Professor 
Thomas Sherwood of Cambridge University perceives that 
science works from hypothesis to experiment and that med- 
ical diagnosis should do the same. It should not be simple 
data collection but must begin with a hypothesis that directs 
technologic inquiry in a rational way. This problem-oriented 
approach developed in the Netherlands may encourage se- 
lective and critical use of new and expensive imaging meth- 
ods, a goal of undergraduate teaching in all countries. 

With the increasing technical complexity of radiology, the 
attendant expansion of teaching requirements, and the chang- 
ing methods for financing this expanding enterprise, particu- 
larly in the United States, it is not surprising that departments 
have adopted special administrative structures. Professor 
Everett James of Vanderbilt University described the Depart- 
ment of Radiology and Radiological Sciences. There are 
individual divisions of administration, education, radiologic 
sciences, medical imaging, radiation oncology, and diagnostic 
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radiology. In this large department, the nonphysician scien- 
tists are assembled in the division of radiologic sciences with 
primary responsibility for research and training in basic sci- 
ences related to imaging. Also within this division is a sepa- 
rately governed Center for Medical Imaging Research, which 
acts to receive charitable donations, grants, and contracts 
independent of the Department and University. This center is 
structured to encourage joint ventures with industry and 
investors through nontraditional relationships that are increas- 
ingly important in underwriting the high cost of radiologic 
research. The division also facilitates grant applications and 
scientific manuscript preparation with clerical staff, editorial 
assistants, and medical illustrators. A separate division of 
education performs traditional functions and has a high-tech- 
nology teaching center that contains prototype clinical instru- 
mentation that may have been acquired through the Center 
for Medical Imaging Research. Several other large depart- 
ments in the United States have developed funds, founda- 
tions, and other entities similar to the Center for Medical 
Imaging Research to foster new cooperative ventures with 
industry and investors. 

Few departments are as elaborately organized as that at 
Vanderbilt, but many others have developed specialization in 
Clinical staffing in response to the evolution of new technolo- 
gies. Professor Robert Stanley of the University of Alabama 
reported a survey of 91 academic departments in the United 
States. All but a few small departments can be described as 
partially or totally subspecialized, usually with a mixture of 
organ-system and technology-oriented sections. Neuroradiol- 
ogy and angio/interventional radiology are the dominant organ 
sections, whereas CT, sonography, and MR imaging are 
variously assembled in technical sections. Nuclear medicine 
is most often a separate division. Most respondents to this 
Survey were comfortable with the organization of their de- 
partments and believe that subspecialization and organ-sys- 
tem orientation best serve clinical needs. They acknowledged 
that a large staff facilitated such subspecialization and were 
nearly unanimous in their belief that all radiologists should 
have broad working knowledge of all areas of radiology. They 
further believe that adequate training in both organ-system 
and technology-oriented areas was currently being provided 
in the United States in the conventional 4-year resident train- 
ing program. 


Discussion 


This fourth international symposium dealt with a vast radio- 
logic landscape. The successes of discovering and treating 
subclinical hepatic carcinoma in China and showing regres- 
sion of atherosclerosis in Sweden were counterbalanced by 
the appalling lack of simple radiography for huge Third World 
populations and the deplorable commercial exploitation of 
new technology in India. Financial implications of technological 
success were examined in contrasting settings: in the United 
States where private medicine may use technology to excess 
and in socialist countries where government medicine does 
not provide sufficient imaging tools for optimum public wel- 
fare. Problems in teaching radiology and problems deriving 
from technological success were contrasted with projections 
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for the future when our present knowledge may no longer be 
relevant. But certain themes surfaced that seem to be perti- 
nent for all of the countries and from which we may take 
some guidance for future action. 

The most important theme, and one echoed by each of 
those involved in health-care administration, is the need for 
comprehensive investigation of the economic implications of 
new imaging technology. The sincere convictions of providers 
(i.e., radiologists) and their well-meant expositions about hu- 
mane benefits are not sufficient documentation for those who 
control investments in biomedical research and the payments 
for health expenditures. Comprehensive, penetrating analy- 
ses of the economic benefits of high technology are essential 
but have been relatively few in number. Radiologists need to 
tell their important story with more facts and tell it more 
effectively. The work will be time-consuming and arduous, 
and it need not be restricted to academic medical centers, 
but it is crucial if those in policy-making positions are to have 
proper perspectives. Moreover, our associates in industry 
need the same information if they are to plan and support 
radiology in the near future. 

In the keynote address opening the meeting, Charles San- 
dors, former Director of the Massachusetts General Hospital, 
noted that benefits that are basically advantageous (i.e., ease, 
safety, accuracy, and effectiveness) will not ultimately be 
denied, even if they are costly. A new technology will continue 
to be supported if its basic qualities are meritorious. But in 
offering this opinion Sanders also urged the attendees of the 
conference to acquire the facts and to present them in a 
credible manner. He noted that some payors already have 
the message and are concerned that efforts to regulate total 
costs may have a deleterious effect on the introduction of 
individual cost-saving methods. He noted, and was subse- 
quently supported by Kerr and Derzon, that regulations in the 
United States have already diverted certain services from 
hospitals to outpatient settings, a diversion that is not without 
its drawbacks [12]. 

Kerr anticipates continuing demand for new technology 
despite counterbalancing reimbursement and regulatory con- 
straints. But it will raise questions. “What difference does it 
make to be abie to diagnose a condition for which there is no 
effective therapy? Is the expensive new technology providing 
new information that no other method could? If it doesn't, 
does it provide the information at lower cost? We are getting 
better at asking the questions. We must get better data for 
analysis and response. Imaging specialists have a unique 
opportunity and obligation to educate referring physicians and 
public as well. We must all come to better understand the 
most effective and efficient use of alternate technologies." 

Wyngaarden in his capacity as Director of the NIH must 
frequently justify investments in biomedical research to the 
Congress and Administration. He cited actuarial studies in 
which the dollar value of productive lives saved and years of 
sickness averted greatly exceeded research and development 
costs. Since 1920 this ratio of value to costs is approximately 
5:1. Research also provides economic stimulation; it is antic- 
ipated the biotechnology industry will be worth approximately 
$100 billion in the 1990s. Research can also be humane when 
it contributes to lesser pain, more definitive diagnosis, and 
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more effective treatment. But, despite the economic and 
humane benefits of biomedical research, costs have risen 
through entitlement of more individuals to advanced care and, 
to a lesser extent, because of improper application of expen- 
sive methods. Wyngaarden states, “Fortunately, despite our 
tremendous emphasis in the United States on cost-cutting, 
no one to date has suggested seriously that we curtail 
biomedical research—and the technological advances that 
derive from that research—in order to contain rising health- 
care expenditures. We are, however, left with several chal- 
lenges in this regard. First to continue to gain support for 
research—particularly basic research—that will bring us be- 
yond the highly expensive half-way point in treatment of 
diseases and up to the point where we know enough to make 
important contributions to disease prevention. And second, 
to develop data more useful in convincing those who make 
decisions about spending for biomedical research, that re- 
search—and new technology stemming from that research— 
if properly applied also ultimately contributes to cost savings 
in health care.” 

Giving special attention to MR imaging, Wyngaarden also 
noted that rigorously designed clinical research trials studying 
its effectiveness are only now beginning. The NIH, through 
its Office of Medical Applications of Research (OMAR), has a 
mechanism, the Consensus Development Conference, to help 
the medical community draw conclusions about emerging 
technologies. Such a conference on MR imaging will be held 
in October 1987, under the general direction of Professor 
Herbert Abrams. The NIH also supports research in MR 
imaging—in 1986 some 300 research projects at a level of 
about $37 million. Some of these are specifically directed at 
determining relative diagnostic efficacy. 

There are ample opportunities for others to contribute such 
information, including those in nonacademic practice. This is 
feasible even under limited circumstances, as can be seen 
from the report from China by Gui Lin on hepatocellular 
carcinoma and the valuable contributions by Schroeder, Pu- 
ijleart, and Felix. Each documented that costly technologies 
with meritorious qualities do not necessarily raise health-care 
costs and, in some instances, can replace older methods with 
a resulting net cost savings. For further documentation of 
this, the reader is referred to the 1986 MacKenzie Davidson 
Lecture by Margulis and Shea [13]. 

A more muted theme, but one alluded to by each of the 
representatives from industry, was the possibility that equip- 
ment of lower cost might become available if expectations for 
its performance were restricted. The reference was primarily 
to MR imaging equipment and was most directly stated by 
Professor Leon Kaufman, Director of the UCSF Radiologic 
Imaging Laboratory. He noted that the high cost of MR 
imaging is an impediment to its full use and that the wish for 
the “everything machine” increases costs without necessarily 
increasing diagnostic accuracy. He cited the purchase of 
combined imaging/spectroscopy units by hospitals and prac- 
tices, and he predicted that few will perform reimbursable 
spectroscopic studies during their lifetimes. Other less visible 
features that do not contribute to efficacy are magnets and 
sites rated for higher-than-operating field strength, sequences 
of negligible value, and sequencing flexibilities not used for 
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routine studies. The process by which “need” for these fea- 
tures is generated is complex. Kaufman concludes, “It may 
be time for radiology leaders to educate users so that only 
those features proven to add to the efficacy of MRI should 
be considered necessary for diagnostic work.” 

Luiten of Philips Medical Systems made a similar although 
less overt allusion, stating that attention was being given to 
reducing MR system costs and that alternative magnet and 
spectrometer designs may exist that match diagnostic appli- 
cations at less cost. 

Offering a candid insight to equipment pricing, Grassmann 
of Siemens attributed recent decline in CT prices to several 
factors: decreasing cost of components, heavy competition 
with Japanese products, and the strong dollar that made 
imports into the United States relatively inexpensive. At the 
same time, the price of fluoroscopic systems continued to 
rise principally because of higher image-quality requirements 
and demand for more convenience and comfort for the patient 
and examiner. A fully-loaded radiographic fluoroscopic system 
has become very expensive because of convenience and 
performance requirements. 

With regards to MR imaging, Grassmann pointed out that 
the U.S. market is the dominant factor in driving and financing 
innovations because of each purchaser’s urge for diagnostic 
competitiveness. Moreover, the period of profitability of MR 
equipment has yet to be realized because research and 
development costs are still being recouped. The prospects 
for less-expensive MR equipment can be enhanced only by 
making performance requirements more consistent with med- 
ical need. An analogy to this situation exists in the relative 
prices of the Volkswagen and Mercedes Benz cars, instru- 
ments of similar purpose and general utility but grossly dissim- 
ilar prices. 

The providers of health care may be called on to be satisfied 
with less versatile and less refined equipment as one way to 
control imaging costs. Conventional radiography offers nu- 
merous examples. Older radiologists often find little diagnostic 
advantage over the past in today’s radiographs despite the 
vastly higher cost of today’s equipment. Perhaps the best 
example is the Basic Radiology System, where cooperation 
between user and manufacturer has resulted in simple, low- 
cost, but adequate equipment. 

A third and more distressing theme arose as Fuchs and 
Aggarwal described the dismal status of the radiology avail- 
able to most of the world’s people. This status is only part of 
the general economic deprivation in countries where the 
housing, nutrition, and sanitation are equally primitive. At a 
luncheon address, Eugene Rotberg, Vice President and Trea- 
surer of the World Bank, laid out dimensions of the problem 
that were not only sobering but frightening. Televised display 
of the “good life” in the industrialized countries will help fuel 
political unrest and instability in these societies that are so 
lacking in bare essentials. Radiologists cannot correct the 
underlying conditions, but they can assist initial efforts to help 
the developing nations help themselves. Through their na- 
tional societies, they can further assist WHO and the Inter- 
national Society for Radiology in developing training centers 
such as the one at the University of Nairobi. As individuals, 
they can share their time and experience with radiographers 
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and radiologists in training. The Radiological Society of North 
America has recently announced the availability of support for 
visiting radiologists at the University of Nairobi through its 
Research and Educational Fund. A fellowship program for 
medical students to work in Third World countries has been 
announced recently [14]. The adoption of a community by a 
society or academic center for sustained support might lay 
the groundwork for an additional training center that would 
then be attractive to the local government, industry, and WHO 
for further endowment. Although most radiologists are under- 
standably occupied with conditions unknown to the Third 
World, the humane objectives of medicine that have called 
them to radiology also call them to the underprivileged else- 
where. The call may be faint, but heeding it could have 
unexpectedly satisfying rewards. 


Recommendations 


This international conference brought together represen- 
tatives of many nations with varying cultures, political sys- 
tems, economic affluence, and public expectations for the 
level, quality, and convenience of health care. Most attendees 
were radiologists who share the same aspirations and satis- 
factions in contributing to the public welfare through medical 
diagnostic imaging. The following recommendations emerged. 

(1) Information on the health benefits and economic impli- 
cations of proper applications of new imaging methods is 
urgently needed by health planners in every country. Radiol- 
ogists are in the best position to collect this information and 
should use all the resources at their command to develop 
critical and comprehensive inquiries of the costs and effects 
on medical practice of introducing new imaging technologies. 

(2) As the final-approval authorities in the purchase of 
equipment, radiologists ultimately establish the standards of 
performance. In many applications, equipment may be rela- 
tively simple yet adequately functional. Radiologists should 
look carefully at the medical requirements of their tools inde- 
pendent of other considerations so as to encourage the 
manufacture and purchase of the least costly but suitably 
effective instruments. 

(3) In its highest expression, medicine is a calling to public 
service irrespective of the patient's economic or political 
position. Unfulfilled opportunities to serve the underprivileged 
exist in many areas of the world. Individual radiologists, 
academic institutions, and radiologic societies are urged to 
support local training in order to extend to more of the world’s 
people the great medical benefits of radiology. 

For those who attended this conference, stimulating per- 
sonal contacts with world leaders in radiology and contempla- 
tion of new perspectives were privileged experiences. Inter- 
national radiology was briefly united in addressing the impacts 
of new imaging technology. It can be hoped that such confer- 
ences will be held periodically in the future to assess progress 
with the problems that were so clearly articulated. 
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Perspective 


Health Technology Assessment: Problems and Challenges 


Herbert L. Abrams'* and Samuel Hessel? 


In an era during which the pressure for containing health- 
care costs is steadily mounting, the case for improving our 
methods of technology assessment is compelling. The rate 
of increase in health-care expenditures during the past 5 
years has been higher than at any time in our history [1]. A 
major element in cost is hospital care [2, 3]. New and im- 
proved technologic services, procedures, and techniques 
(e.g., drugs, diagnostic tests, cardiac surgery) are responsible 
for a large part of the rise in hospital costs [3]. Innovative 
approaches have at times diffused rapidly without carefully 
defined prospective studies to evaluate their precise roles in 
diagnosis or therapy [4, 5]. While the dangers of overutiliza- 
tion have been appropriately emphasized [6], the biologic and 
monetary costs of underutilizing innovative methods have not 
been clarified adequately [7]. Proper use is impossible without 
timely, sophisticated, and precise evaluation of new methods 
[4, 8, 9]. 

Although safety, cost, and patterns of diffusion are matters 
of profound concern, the most important and difficult aspect 
of technology assessment is the determination of efficacy [4, 
10-13]. Therefore, this perspective is focused, first, on anew, 
nongovernment Council of Health Care Technology Assess- 
ment designed to fulfill a national oversight role and, second, 
on the most formidable problem it confronts: sound and 
adequate primary data collection. 


The Council on Health Technology Assessment 


In 1975 Congress asked the Office of Technology Assess- 
ment (OTA) to investigate the problem of medical technology 
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assessment. The OTA report [14] led to the establishment of 
the National Center for Health Care Technology in 1978. 
During its 3-year history, the Center acted (1) as an important 
catalyst for scientific evaluations of new and existing tech- 
nologies and (2) as a vehicle for disseminating information 
about them. The Center ceased operation in December 1981, 
after the Reagan administration refused to request funds for 
its continuation in the face of opposition from the American 
Medical Association, the Health Industry Manufacturers As- 
sociation, and other groups [15]. The American College of 
Physicians, insurance carriers, the American Association of 
Medical Colleges, the Association for Advancement of Medi- 
cal Instrumentation, and many other groups supported its 
continued operation. 

The problem did not disappear. In a changing economic 
climate, all of the constituencies concerned with health care 
became more fully aware of the need for objective data on 
medical technologies. In 1983, by way of response, the Insti- 
tute of Medicine (IOM) of the National Academy of Sciences 
issued a planning study report on assessing medical technol- 
ogy [16]. From the report, there ultimately emerged a 
congressional bill (Public Law 98-551) providing that the al- 
ready established National Center of Health Services Re- 
search add to its name and mission “Health Care Technology 
Assessment” and that a new Council of Health Care Tech- 
nology Assessment be organized as an oversight group. 

This time, the Health Industry Manufacturers Association 
reversed itself and endorsed the technology assessment pro- 
visions of the law, realizing that in an era of restricted re- 
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sources, the ever-more cautious hospitals and buyers would 
require better data on efficacy, safety, and cost. 

The legislation was approved by the Congress, and the 
Council was funded in 1986 from the Center’s budget. 
Whereas the Center is a governmental agency designed to 
review and support creative research on the provision of 
health services, the Council is a nongovernmental arm of the 
Institute of Medicine of the National Academy of Sciences. 
The Council represents a number of different constituencies: 
the physician providers; the organized consumers; those who 
pay, including insurance companies and corporation health 
services; the hospital community; the manufacturers and 
developers; the health maintenance organizations (HMOs); 
the nursing profession; and health policy, management, and 
economics groups. 

Congress charged the Council to serve as a clearinghouse 
for information on health-care technologies and health-care 
technology assessment; to collect and analyze data; to iden- 
tify needs in the assessment of specific technologies and in 
research on assessment methods; to develop criteria and 
methods for assessment; and to stimulate assessments of 
technologies that were potentially important to the health care 
of the nation. At the outset, the Council formed a Methods 
panel to identify the methodologic problems confronted in 
assessing new technologies and an Information panel to 
develop a usable and accessible clearinghouse of assessment 
data. Subsequently, a third committee, on Evaluation, was 
formed to identify the technologies most urgently requiring 
investigation. 

Although nongovernmental, the Council recognizes the 
depth and breadth of efforts both within and outside of the 
federal enterprise; hence, a Liaison panel was established to 
coordinate activities with those groups and organizations 
involved in technology assessment. The Congress has set 
aside one-half million dollars in year 1 and three-quarters of a 
million dollars in years 2 and 3 as initial funding for the Council, 
but indicated the importance of matching funds. In fact, many 
physician, hospital, health-care, manufacturing, and insurance 
groups have committed themselves to contribute to the sup- 
port of the Council. 

Projects that have already been reviewed or started include 
(1) guidelines for appropriate data collection and analysis; (2) 
the manner in which cost-effectiveness fits into the planning 
process of a technology with respect to timing, funding, and 
methodology; (3) the synthesis of quality-of-life measures; (4) 
the methods of setting priorities for technology assessments; 
(5) proper reporting of technology assessments; (6) the criteria 
for good technology assessments; and (7) the strengthening 
of alternatives to randomized Clinical trials. 

A number of secondary approaches are being critically 
reviewed, such as consensus conferences and meta-analysis 
(the combination of research by several investigators to derive 
more significant conclusions than each could alone). But 
secondary data analysis based on inadequate primary infor- 
mation will necessarily be flawed. Thus, the problems of 
primary data gathering and analysis require continued reeval- 
uation and are among the most important barriers to effective 
evaluation research. 
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Problems of Primary Data Gathering in Technology 
Assessment 


In each stage of primary technology assessment—plan- 
ning, protocol design, implementation, data interpretation, and 
evaluation—major difficulties require attention [17]. Some of 
these are best understood by a consideration of diagnostic- 
imaging technologies. 


Planning 


The objectives of the study must be clearly delineated. Yet 
poor definition of the goals or open-ended questions abound. 
Assessing the efficacy of CT or MR imaging of “the liver” 
ignores the sharp distinctions among biliary obstruction, mass 
lesions, and diffuse hepatocellular disease. Each topic re- 
quires separate consideration. 

Yield may be assessed in different ways. The intrinsic 
diagnostic accuracy of the method for pancreatic abnormali- 
ties, for example, can be determined by a double-blind study 
of CT or MR imaging of the pancreas, using a test series of 
examinations appropriately mixed. 

A more realistic approach is a prospective study defining 
the marginal information increment that a new technology 
adds to the diagnostic data set within the context of the 
history, physical examination, and laboratory data that con- 
Stitute the basis for requesting the examination. In order to 
obtain such information, accurate input data, obtained pro- 
spectively, must be available. When that is not possible, a 
thorough assessment of the available medical records, as 
well as the patient's history, is required. But the patient as an 
information source is not always reliable. In one study [18], 
only 60% of patients with heart disease and 70% of patients 
with asthma reported these diagnoses when asked what 
condition they had. 

Complete data-recording is essential, within the limits of 
practicality. Far better to include more information than less, 
because data not collected during a prospective study are 
frequently difficult to acquire retrospectively. 


Protocol Design 


Feasibility and sample size.—lf data collection requires 
many steps, a large manpower expenditure is needed and 
may limit the number of patients that can be included in the 
study. In studies of efficacy done jointly with the faculty at 
Johns Hopkins some years ago, we adopted an approach 
that proved feasible and effective [19, 20]. These prospective 
studies involved data-gathering before, during, and after the 
examinations, but required substantially less formal interac- 
tion with the referring physicians than in some prior studies 
[21]. We adopted the philosophy that a single page of data is 
all that can or will be collected or completed accurately at any 
point in a study. Furthermore, in narrowing the scope of the 
project, we concentrated on a small number of problems for 
which an adequate base of patients was available, rather than 
exploring all potential anatomic areas or disease processes 
with the certainty that the data base would be inadequate. 
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Finally, since the investigators were different at the two 
institutions, contrasting and combining the data helped limit 
the effects of individual or department bias. 

The problem of sample size is critical. As diagnostic meth- 
ods improve, the determination of small differences in efficacy 
requires large patient populations. For example, in our study 
of 279 patients for pancreatic disease, we found that CT had 
a sensitivity of 0.87 and sonography had a sensitivity of 0.69 
in detecting an abnormal pancreas (a difference in sensitivity 
of 0.18) [19]. In order to show that another technique (such 
as MR imaging) is superior to CT, a far larger sample would 
be required because the maximal difference in sensitivity 
attainable is 0.10 or less. 

Controis.—Randomized, controlled diagnostic-imaging 
studies are inherently difficult to implement. For example, in 
metastatic disease of the liver, is MR imaging superior to CT 
[22], sonography, or radionuclide studies? Costs and the 
need for controls are difficulties that must be overcome. 

An economic barrier is present in the cost of obtaining four 
examinations on a large series of patients when presumably 
one test will provide the answer. Who will fund the immense 
cost of four imaging examinations of the liver in 200 consec- 
utive patients (a minimum of $200,000, even without profes- 
sional fees)? 

Perhaps this problem has been solved by arrangements 
with third-party payers or a foundation or the National insti- 
tutes of Health (NIH): they have agreed to pay for the cost of 
parallel and fundamentally repetitive examinations. How then 
do we deal with the referring physician who is perfectly 
satisfied with the first examination performed, which shows 
the presence or absence of metastases? Clearly, before the 
investigation begins, this physician must agree to participate 
in the study. 

The importance of controls is well recognized. In a survey 
of 72 clinical psychiatric trials, the success rate was 83% in 
52 studies without controls and 25% in 20 studies with 
controls [23]. Yet randomized trials of imaging methods have 
been performed only rarely. An alternative but less satisfac- 
tory approach is the blind reinterpretation of studies. This 
approach suffers from the absence of a clinical context and, 
with some technologies (such as sonography), from the omis- 
sion of important interactive “fluoroscopic” data. Results ob- 
tained in such a purely experimental setting may be difficult 
to apply to the clinical setting. 

Collaboration.—-The protocol design must include consid- 
eration of the need for the cooperation of physicians, patients, 
and hospital staff. The individuals involved in every phase of 
the study must understand the study and agree to participate 
in it. 

First, compliance by physicians is critical, but sometimes 
difficult to obtain. In diagnostic imaging, the input data re- 
quired are furnished most appropriately by the individuals 
who refer patients for the imaging studies. Within the hospital 
framework these will include the internist, surgeon, pediatri- 
cian, or obstetrician/gynecologist who requires either a solu- 
tion to a diagnostic problem or the confirmation of a pre- 
sumptive diagnosis. 

Most comparative studies are done in teaching hospitals. 
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They consume the time of a resident or senior staff person 
to ensure that the input data are accurate. Neither the harried 
resident nor the busy senior staff considers the input or the 
Study as a way to resolve the clinical problem. Rather the 
data to be compiled are perceived as profound nuisances, 
taxing an already tight schedule with a time commitment to a 
project in which the individual has little personal interest. 
These residents and staff members frequently view such 
research as “exploitative,” and on this foundation resistance 
is built, whether active or passive. Individuals frequently feel 
that they are performing additional chores in order to satisfy 
the curiosity and advance the interests of a third party who 
is outside the nexus of the patient/physician interaction. 

The investigator may insist that forms be filled out before 
examinations are scheduled. This kind of demand does not 
ingratiate the investigator to the referring physicians. Before 
the start of the study, the investigator should meet with the 
referring physicians, explain the design and goals of the study, 
indicate its value and the information required, anc answer 
any questions on the objectives and rationale of the study. 
Once the physicians understand that in the feedback loop all 
parties will gain by the acquisition of more accurate data, 
chances for effective cooperation are greatly enhanced. 

Another important step needs to be taken. The investigator 
is usually dependent on the help of other departments or 
groups. The most useful approach is to enlist the direct 
participation of at least one interested, committed, and so- 
phisticated member of the department or group. The time to 
do this is not after the study has been designed, but shortly 
after it is conceived so that there can be broad participation 
in the research design. 

Second, how do we ensure the patient's consent and 
cooperation with multiple studies? The full involvement of the 
personal physician is paramount. Without it, a truly informed 
consent and a clear understanding by the patient of the 
Study’s potential benefit either now or in the future will be 
lacking. Even with the physician's involvement, a research 
assistant or the investigator must spend time with the patient 
to explain the protocol and its potential benefits and risks. In 
particular, the randomization of test order must be discussed 
with the patient; otherwise, he will ask why tests are per- 
formed in an apparently strange sequence. 

Third, when these hurdles are overcome, the cocperation 
of hospital staff is needed to resolve the problems of random- 
ization. In the radiology department of a large teaching hos- 
pital, 400-700 examinations are performed each day. The 
primary investigator cannot review all requests for particular 
examinations. The technology in question is used in a host of 
different clinical conditions, and the receptionist and/or tech- 
nologist may tend to move ahead and perform the examina- 
tion rather than to take the time to indicate to the physician- 
investigator that this is another case in which the lots must 
be drawn. The mechanical aspect of patient scheduling is a 
formidable consideration, especially when time on every ma- 
chine means money for the institution. Thus, active coopera- 
tion of the department and hospital administration is essential. 

Ultimately, in most of the best designed prospective studies 
of diagnostic-imaging technologies, the input point (whether 
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MR imaging, CT, sonography, or another technique) can be 
distributed in roughly equal fashion among the differing tech- 
nologies, and the subsequent examinations may then be 
performed in relatively random fashion. 

An analysis of 56 papers on MR imaging, each of which 
reported on at least 10 patients, was recently undertaken 
[5]. The papers were rated according to 10 criteria. None 
used the word “prospective” in describing the design, and 
only 18% mentioned approval by an institutional review board. 
The “gold standard” (proof of diagnostic accuracy) was an- 
other imaging procedure in 71% and an unrelated procedure 
such as surgery or autopsy in only 7%. The authors of 48% 
of the papers used none of the following terms properly: 
sensitivity, specificity, accuracy, false positive or negative, or 
predictive value. Only one of these terms was used properly 
in 25% of the papers; two terms were used in 12%; three 
terms were used in 14%. None of the papers contained 
evidence of (1) blinding of the readers with regard to the 
diagnosis or results of other tests; (2) measurement of ob- 
server errors; or (3) randomization of order when compared 
with another procedure such as CT. 

Other problems that require further investigation include 
the presence or absence of state-of-the-art hardware; the 
level of experience of the individuals participating in interpre- 
tation; the quality of the interpretation; observer variation; and 
exciusion of cross talk. 


Implementation 


New diagnostic technologies frequently are subject to rapid 
change. With the usual lead times, these techniques under 
investigation may be virtually outmoded by the time that data 
on their efficacy are available to the general medical commu- 
nity. Attempts to extrapolate data from one generation of 
equipment to the next may be difficult. For example, conclu- 
sions drawn from the use of static sonographic units may not 
be applicable to modern real-time imaging. Furthermore, the 
reality of ever-changing technology frequently forces prema- 
ture or incomplete presentation of data well before definite 
conclusions can be drawn. 

When technologies are compared, the examinations should 
be performed in a standard manner. Assurance of examina- 
tion quality is vital. In the 10 sequential papers on CT from 
1976 through 1978 that we analyzed, no quality control 
procedures were described. Thus, there was no way of 
knowing either the parameters of an acceptable examination 
or the level of quality control. 


Data Interpretation 


Many factors affect the accuracy of the interpretation. 
Some, such as physician fatigue [24], are difficult to control. 
Data from one study indicated a substantial improvement in 
radiologists’ use of CT to detect pancreatic carcinoma after 
the first 1000 body scans [25]. This clearly reflected the 
importance of the learning curve. 

How can objectivity and consistency of interpretation be 
obtained? There must be no cross talk between those who 
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interpret different examinations on the same patient. The 
interpretation should depend on the combination of clinical 
information and that derived from the specific imaging exam- 
ination, without any reference to prior imaging studies. Fur- 
thermore, consistency is best guaranteed by having the same 
observer interpret all examinations for a particular technology. 
ideally, all interpreters using the different methods should be 
at a similar level of experience. In practice, this is by no means 
assured in many evaluation studies. 


Evaluation 


In our review of 10 papers on CT, only five dealt explicitly 
with the number of unsatisfactory examinations. But such 
information is essential if efficacy is to be judged. For example, 
if a test detects renal lesions in 70 of 100 patients, misses 
them in 10, and results in technically unsatisfactory exami- 
nations in 20, the overall sensitivity is 70 over 100 (70%). 
Frequently, the 20 unsatisfactory examinations are excluded, 
and the sensitivity reported is 70 over 80 (88%) [17]. 

When pathologic proof is not available, the percentage of 
correct interpretations depends on the degree to which clinical 
proof is accepted as definitive. In patients with jaundice, the 
accuracy of CT increased from 54% to 93% when all uncon- 
firmed cases were considered correctly diagnosed on clinical 
grounds [26, 27]. 

The bias involved in “circular assessment” (defining the 
accuracy of one method by using a competing one) must be 
avoided. Such safeguards are essential no matter what stand- 
ards are employed to measure the gain in diagnostic infor- 
mation. Furthermore, each suggested method has limitations. 
For example, the use of a single true-positive/false-positive 
pair in assessing imaging techniques may reflect major vari- 
ability among readers in threshold of positivity or negativity 
[12]. To an important degree, the accuracy ratio depends on 
disease prevalence in the patient population. Although agree- 
ment analyses frequently reflect the reality of the day-to-day 
clinical interpretation of imaging data, they may be unrelated 
to the final, verified pathologic diagnosis. 

Perhaps the most useful approach to establishing the qual- 
ity of a diagnostic method is the use of the receiver-operating- 
characteristic curve. By determining a series of true-positive/ 
false-positive pairs in which different criteria separate the 
normal from the abnormal, the curve neutralizes observer 
biases associated with excessively conservative or liberal 
strategies. 

No comprehensive studies have yet assessed the inter- 
and intraobserver variability in interpreting CT scans or MR 
images. In other important areas of radiology, substantial 
variability has been found. 


The Technology Assessment Laboratory 


Uitimately we must grapple with the setting in which optimal 
technology assessment can be performed. Its complexity 
must be understood. The teaching hospital can be organized 
as a “technology assessment laboratory,” but representatives 
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of each of the major clinical departments who have commit- 
ment to the goals are essential. 

Input from a variety of disciplines outside of medicine (e.g., 
economics, sociology) is required. Full support and collabo- 
ration of the hospital administration and strong leadership of 
the laboratory are needed. Furthermore, the cooperation of 
the medical school is mandatory, particularly in understanding 
that evaluative research is critical to the provision of good 
medical care. 

Beyond the essential components of the laboratory, there 
remains the obvious need for an established mechanism to 
obtain rapidly a large enough volume of data so that the 
assessment is not protracted unduly. This implies four or five 
national technology assessment laboratories, working to- 
gether in a multiinstitutional framework [28]. The potential 
power and efficiency of such an arrangement can only be 
realized fully if the problems that characterize cooperative 
multiinstitutional studies are understood fully. These derive 
from local custom, physician bias, varying levels of compli- 
ance, administrative restrictions, and many other factors that 
are frequently associated with a lack of uniformity in the 
protocols, no matter how carefully they are spelled out. The 
difficulty of such studies is illustrated amply by a study sup- 
ported by the NIH involving a number of institutions on the 
efficacy of CT. The expenditure of over 2 million dollars and 
the enlistment of nearly 3000 patients ultimately furnished 
only 136 patients available for final analysis [12]. 


The Impact of Technology Assessment 


Many questions must be asked about the outcome of 
technology assessment. Does it change physician habits? Is 
it incorporated into usage? How is bias overcome? Has the 
technology diffused appropriately? Is the cost of the exami- 
nation justified by its incremental value? 

We have not yet explored fully the cost of bias in clinical 
decision-making. For example, we have shown clearly that a 
simplified uroradiologic examination is relatively cost-effective 
[29]. But this has not altered the routine of urography through- 
out the nation. Similarly, in one critical look at the underutiliza- 
tion of percutaneous transluminal angioplasty (PTA) [7], the 
authors found that it was difficult to change the habits of a 
group of surgeons, even though PTA was efficacious, less 
costly, and less hazardous than the approved standard tech- 
nique. 

Most assessment research is done in university hospitals. 
Can it be applied to community hospitals or outpatient set- 
tings? A recent study of ours, in which patients were com- 
pared at an HMO, a teaching hospital, and a community 
hospital, suggested strongly that the data were transferable 
[30]. 


Summary and Conclusions 


From a national perspective, the central prerequisite of the 
proper application of medical technology is the timely deter- 
mination of efficacy, cost, safety, and societal impact. This 
applies to both the introduction of the new methods and the 
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retirement of older methods that may have outlived their 
usefulness. Within that framework, the rapid diffusion of 
innovative methods of great value must be balanced against 
the cost of premature enthusiasm for techniques with little or 
no incremental diagnostic or therapeutic gain. 

A nongovernmental Council on Health Care Technology 
Assessment of the Institute of Medicine-National Academy 
of Sciences was established by the Congress in 1986. The 
Council was charged to serve as an information clearing- 
house, a center to promote research and education, and a 
stimulus to establish better methods of assessment and more 
prompt identification of potentially important technologies. It 
represents virtually all of the constituencies concerned with 
adequate evaluation of new and existing methods. 

The Council confronts the critical problems of timing, bias, 
the quality of primary data collection, new methods of sec- 
ondary data analysis, the nature of the “laboratory” in which 
technology assessment is best accomplished, the “exploita- 
tive” character of technology assessment research, appropri- 
ate diffusion, and ethnical issues. The appropriate use of 
technology in modern health care depends on the resolution 
of these issues. 
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Value of Medium-Thickness CT in 
the Diagnosis of Bronchiectasis 





The usefulness of CT with 4-mm-thickness cuts at 5-mm intervals in the diagnosis of 
bronchiectasis was studied by comparing the results of CT with those of bronchography 
in 323 segmental bronchi in 20 patients. No bronchiectasis was found on either study in 
222 segmental bronchi. Of the 101 segmental bronchi showing bronchiectasis on 
bronchography, CT correctly identified bronchiectasis in 98 segments (97%). Bronchog- 
raphy showed cystic bronchiectasis in 35 and varicose bronchiectasis in 14 segmental 
bronchi, all of which were correctly identified on CT. Of the 52 segmental bronchi 
showing cylindrical bronchiectasis on bronchography, CT correctly identified these 
changes in 49 segments but failed to detect it in three. The presence of interstitial lung 
disease with emphysema and very localized mild bronchiectasis in one case each made 
the identification of cylindrical bronchiectasis difficult and caused the false-negative 
results. 

When bronchography is used as the criterion, CT with medium-thickness cuts and 
medium slice intervals appears to be 100% specific for all types of bronchiectasis, 100% 
sensitive for cystic and varicose bronchiectasis, and 94% sensitive for cylindrical 
bronchiectasis. 


Conflicting reports have appeared in the literature regarding the role of CT in the 
detection and localization of bronchiectasis. While there is agreement about the 
usefulness of CT in the diagnosis of cystic bronchiectasis [1-5], many who used 
thick CT sectioning techniques of 8 or 10 mm found it unreliable for the detection 
of cylindrical and early varicose bronchiectasis [2-4]. However, others [5] using 
ultrathin 1.5-mm CT cuts found this sectioning technique to be accurate for 
detecting cylindrical bronchiectasis; but it was difficult to differentiate between 
varicose and cystic bronchiectasis with this technique. 

We studied the role of CT by using medium-thickness cuts of 4 mm at 5-mm 
intervals in 20 patients suspected of bronchiectasis and correlated the findings with 
bronchography. 


Subjects and Methods 


Twenty patients who were suspected clinically to have bronchiectasis were investigated 
prospectively. They included 15 men and five women, ranging in age from 12 to 70 years. 
None of them had acute bronchopulmonary infection within the preceding 2 months. Postero- 
anterior and lateral chest radiographs were obtained in all patients. CT scans of the chest 
were performed using a Somatom II CT unit. The matrix size was 256 Xx 256, at a pixel size 
of 1.5 mm. Scanning time was 5 or 10 sec. The patients were examined in the supine position 
in mid inspiration. Images were recorded at 1800-H window width and at —500 to —700 H 
window level. 

Section cuts of 4-mm thickness at 5-mm increments were obtained through the lungs. The 
scans were interpreted by a radiologist who had no knowledge of the radiographic or 
bronchographic findings. The CT diagnosis of bronchiectasis was based on the criteria of 
Naidich et al. [1]. Cystic bronchiectasis was recognized by the presence of markedly dilated 
bronchi with thickened walls seen as clusters or strings of cysts. Cylindrical bronchiectasis 
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Fig. 1.—Cylindrical bronchiectasis. 

A, CT scan through lower lobes, shows dilated 
thick-walled bronchi in posterior basal segment 
of right lower lobe (straight arrows). Note differ- 
ence in size between dilated bronchi and com- 
panion vessels (curved arrow). 

B, Right bronchogram shows cylindrical bron- 
chiectasis involving posterior basal segmental 
bronchi (arrows). Note lack of peripheral taper- 
ing and squaring of distal ends (arrowheads). 


was recognized by thick-walled, mildly dilated bronchi, as compared appear as “tramlines” or tubular opacities with regular outline when 
with the adjacent vessels, and by the presence of dilated bronchi in cut longitudinally. Varicose bronchiectasis was identified by the 
the lung periphery [1, 2]. Crowding of the bronchi was also a helpful beaded appearance of the dilated bronchi (Figs. 2 and 3). Localization 
Sign. In cross section these bronchi appear as small ring radiolucen- was based on the criteria of Naidich et al. [6] and Osborne et al. [7]. 
cies when patent (Fig. 1) or as nodules when mucus-filled, and will Unaffected lobes and segments represented an internal control. 





Fig. 2.—Varicose bronchiectasis in horizon- 
tally oriented bronchi. Most relevant findings are 
contained within the plane of CT cut. 

A, CT section through upper lobes shows dil- 
atation and beading (arrow) of a horizontally 
oriented bronchus. 

B, Coned view of right bronchogram. Bronchi 
in right upper lobe anterior segment shows irreg- 
ularity in outline (arrowheads) and localized nar- 
rowing (arrow), features that are suggestive of 
varicose bronchiectasis. 

C, CT section through mid thorax at level of 
origin of superior segmental bronchus of left 
lower lobe shows dilatation and beading (ar- 
rows) of horizontally oriented bronchi. 

D, Left bronchogram. Note beading (curved 
arrow) and dilatation (straight arrow) of horizon- 
tally coursing superior segmental bronchus of 
left lower lobe. Findings consistent with varicose 
bronchiectasis. 
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Fig. 3.—Varicose bronchiectasis in obliquely 
oriented bronchi. 

A, CT section through lower lobes. Dilatation 
and beading (arrows) of mucus-filled bronchi in 
posterior basal segment of left lower lobe in a 
patient with Swyer-James syndrome. Involved 
bronchi are contained within CT cut. Also note 
reduced volume of left lung. 

B, Left bronchogram. Dilatation and beading 
(arrows) indicative of varicose bronchiectasis in 
posterior basal segmental bronchi. 





Bronchography was performed using propyliodone (Dionosil 
Aqueous, Glaxo, Greenford, England). There were 17 bilateral and 
two unilateral bronchograms. In one case, bronchography was un- 
satisfactory in one lung because of underfilling of the whole lung and 
was excluded from the study. In four lungs, there was no peripheral 
filling of one lobe each, including a total of seven segments. The 
bronchographic diagnosis of the various types of bronchiectasis was 
based on the classification of Reid [8]. Satisfactory bronchograms 
were available for 323 segmental bronchi from 87 lobes of 37 lungs 
in 20 patients. Bronchiectasis was found in 101 segmental bronchi 
from 43 lobes in 25 lungs; 222 segmental bronchi from 44 lobes in 
12 lungs were normal. The bronchiectasis was of the cystic type in 
35, was varicose in 14, and was cylindrical in 52 segmental bronchi. 

The CT and bronchographic findings were correlated, and the 
sensitivity and specificity of CT for the identification and localization 
of bronchiectasis was determined by using bronchography as the 
standard. 


Results 


Bronchiectasis was identified on CT in 98 of the 101 
segmental bronchi showing bronchiectasis on bronchogra- 
phy, yielding an overall sensitivity of 97% (Table 1). The type 
of bronchiectasis was identified correctly on CT in all 35 
segmental bronchi showing cystic bronchiectasis and in all 14 
segmental bronchi showing varicose bronchiectasis on bron- 
chography. Of the 52 segmental bronchi showing cylindrical 
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bronchiectasis on bronchography, CT correctly identified 
these changes in 49 segments but failed to detect it in three 
segmental bronchi, yielding a sensitivity of 94%. No false- 
positive interpretations were made in any of the 222 segmen- 
tal bronchi that were normal on bronchography, giving CT 
100% specificity. No difficulty was encountered in recognizing 
the relevant findings in either horizontally or obliquely oriented 
bronchi. 


Discussion 


Bronchography is generally considered the definitive pro- 
cedure for the detection of bronchiectasis and determination 
of its type and anatomic distribution [9]. However, bronchog- 
raphy is invasive and distressing to the patient and minor 
complications are common [10, 11]. Filling of the bronchial 
tree may be incomplete due to bronchospasm or mucus plugs 
(Fig. 4). CT, on the other hand, is noninvasive, causes no 
discomfort to the patient, and can show bronchial anatomy 
even distal to obstructed bronchi. 

In the present study, we were able to identify cylindrical 
bronchiectasis in 49 (94%) of the 52 segmental bronchi show- 
ing this pattern on bronchography. Cystic bronchiectasis was 
correctly identified in all 35 segmental bronchi and varicose 
bronchiectasis in all 14 segmental bronchi so involved on 
bronchograms. Medium-thickness cuts probably incorporate 


TABLE 1: Comparison of CT with Bronchography for the Detection and Localization of 


Bronchiectasis in Lungs, Lobes, and Segments 


SA ES SE EEE SE SS SE SSS EL a aT LS 


CT Findings 
Lungs Lobes Segments 
Positive Negative Positive Negative Positive Negative 
Bronchographic Positive 23 2 41 2 98 3 
findings Negative 0 12 0 44 0 222 
Sensitivity of CT 92% 95% 97% 
Specificity of CT 100% 100% 100% 


ENETEIA E E EEE E E E E E E ESE SS SSS SS EE EEE EA 


a bigger volume of the varicose bronchi in the plane of section, 
thereby showing the beading more readily. This is more 
noticeable with horizontally (Fig. 2) and obliquely oriented 
bronchi (Fig. 3). 

Ultrathin section cuts, especially when coupled with wide- 
section intervals, increase the chances of sectioning through 
part of the beading in varicose bronchiectasis, which may 
then appear as cystic and make the differentiation between 
varicose and cystic bronchiectasis difficult. On the other hand, 
cuts with too wide a section thickness lack the resolution 
required to identify milder forms of bronchiectasis owing to 
poor edge definition caused by partial volume effects and the 
inclusion of vascular shadows within the cuts, especially in 
obliquely oriented bronchi [5]. This may also be responsible 
for the poor distinction between varicose and cylindrical bron- 
chiectasis noted with wide-section cuts. 

Precise differentiation of the various types of bronchiectasis 
is generally difficult because a gradual spectrum exists. How- 
ever, by finding an optimal CT sectioning technique, more of 
the characteristic signs necessary for definite classification 
are demonstrated. 
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Fig. 4.—Patient with Kartagener syndrome 
and mucoid impaction. 

A, CT cut of infrahilar region. Note dextrocar- 
dia. Right lingular lobe is shrunken (arrowheads) 
small ring radiolucencies within (/ong thin arrow) 
suggesting cylindrical bronchiectasis. Cylindri- 
cal bronchiectasis is also present in posterior 
basal segment of right lower lobe (curved ar- 
rows). 

B, Right bronchogram shows mucoid impac- 
tion in right lingular segments (arrows). Note 
poor peripheral filling. Cylindrical changes pres- 
ent in basal segment of right lower lobe (arrow- 
heads). 


Fig. 5.—False-negative CT in a patient with 
mild, localized bronchiectasis and emphysema. 

A, CT section through mid thorax. Varicose 
(arrowhead) as well as cystic bronchiectatic 
changes (straight arrows) in right middle lobe. 
No definite signs seen in left side; blurred 
shadow (curved arrow) was considered vascu- 
lar. 

B, Left bronchogram shows localized dilata- 
tion of a subsegmental bronchus of limited na- 
ture in anterior division of left upper lobe (arrow). 
Note overinflation of upper lobe. 


The accuracy of CT, as compared with bronchography, in 
determining the extent of bronchiectasis has been studied by 
several investigators [3-5]. Phillips et al. [3] used 8-mm cuts 
at 15-mm intervals and found that CT was inaccurate for the 
localization of bronchiectasis at lobar level. Mootoosamy et 
al. [4] used 10-mm cuts at 10-mm intervals and could localize 
the disease accurately at the lobar level; segmental localiza- 
tion was less accurate. Grenier et al. [5] used 1.5-mm cuts at 
10-mm intervals and found segment-to-segment agreement 
in 25 of the 27 lungs positive for bronchiectasis. We achieved 
97% accuracy in the CT localization of bronchiectatic findings 
to those segments found positive on bronchography. 

The narrower gap interval of 5 mm between cuts used in 
this study yields more frequent sections and increases the 
probability of recognizing normal anatomic landmarks such 
as fissures, vessels, and bronchi that are important for proper 
localization. In addition, narrower gap intervals may also have 
a role in multiplanar reconstruction purposes. 

The larger intervals between cuts of 10 or 15 mm adopted 
in earlier studies may increase the possibility of missing 
bronchi affected by minor or limited disease lying within the 
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Fig. 6.—False-negative CT in associ- 
ation with interstitial lung disease and 
emphysema. 

A, CT section through lower lobes. Pe- 
ripheral thin line shadows (straight ar- 
rows) with pockets of emphysema (ar- 
rowheads) suggestive of interstitial lung 
disease. Branching opacities and “blobs” 
(curved arrows) were interconnected and 
interpreted as vascular shadows. 

B, Coned view of left bronchogram re- 
veals cylindrical dilatation of basal seg- 
mental bronchi (arrows). 


skip areas [4, 5]. One of our false-negative results was due 
to this fact (Fig. 5), even though we used a narrower gap 
interval of 5 mm. The only other false-negative result using 
medium-thickness cuts was due to the concomitant presence 
of interstitial lung disease and emphysema (Fig. 6), which may 
have distorted and obscured the outline of the affected bron- 
chi. The disadvantages of our sectioning protocol are a 
greater radiation dose to the patient and a longer procedure. 

In conclusion, compared with bronchograms, CT scans of 
the chest using medium-thickness cuts of 4 mm at 5-mm 
interspacing were found to be 100% specific and 97% sen- 
sitive for the diagnosis of bronchiectasis. This was similar to 
the results ebtained by using 1.5-mm cuts but was more 
accurate than that found with either 8- or 10-mm cuts. Com- 
pared with earlier sectioning protocols, accurate classification 
of the various types of bronchiectasis was achieved. How- 
ever, the concomitant presence of disorders that may distort 
or obscure the lung, such as interstitial lung disease and 
emphysema, seem to make the identification of cylindrical 
bronchiectasis difficult on CT. 
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Color Atlas of Real-Time Two-Dimensional Doppler Echocardiography. 2nd ed. Edited by Ryozo Omoto. 


Philadelphia: Lea & Febiger, 214 pp., 1987. $124.50 


Real-time two-dimensional Doppler sonography has been with us 
for about 4 years and has become a standard procedure in cardiac 
sonography. Ryozo Omoto’s Color Atlas appeared in 1984 when the 
technique was in its infancy, and the first edition was in great demand 
by engineers seeking to understand the physical and engineering 
principles of color-flow Doppler imaging and by physicians eager to 
find out what the important clinical advantages were. 

Since then the instrumentation has been improved, and additional 
Clinical experience has been gained. Moreover, the complementary 
roles of color-flow, pulsed, and continuous-wave Doppler imaging 
have begun to fall into place. The second edition of the Color Atlas 
provides a useful, graphic, and conceptual summary of the state of 
the art in Doppler echocardiography. 

The first six chapters present a thorough and clearly written 
discussion of the physical principles of Doppler sonography and 
explain the use of the instrumentation. Although the description of 
features is based on a particular manufacturer's machine (ALOKA), 
similar controls are available in competing brands. Artifacts, pitfalls, 
and trade-offs in selection of instrument parameters are reviewed 
also. 

The second section, chapters 7-9, reviews normal hearts and 
valvular heart disease. The various Doppler imaging techniques, 
including two-dimensional color flow, M-mode color flow, pulsed 
wave, and continuous wave, are correlated in the illustrations. Al- 
though this makes each illustration rather busy, careful scrutiny 
greatly enhances an understanding of the relationships, and an un- 
derstanding of each technique reinforces understanding of the other 
techniques. 

Chapter 10 and its illustrations are devoted to ischemic heart 


disease and cardiac masses, including interesting observations on 
blood flow associated with akinesis, dyskinesis, and ventricular aneu- 
rysm. Chapter 11 covers aortic diseases, mainly dissecting aneurysm, 
and peripheral vascular disease. The section on peripheral vascular 
disease (both arterial and venous) showing images obtained with a 
curved linear array is disappointingly small, whereas dissecting aneu- 
rysm is discussed extensively. Because complete evaluation of the 
thoracic aorta often requires transesophageal sonography, the pro- 
cedure is not entirely noninvasive and should be compared with other 
imaging methods, such as dynamic CT. 

The final chapters deal with congenital heart lesions, including 
coarctation and, strangely, hypertrophic cardiomyopathy. The illustra- 
tions seem to be of lesser quality than those in the chapters on 
acquired cardiac disease, possibly because the ones in the final 
chapters were made with older equipment. 

In summary, the atlas brings together a great deal of information 
about Doppler techniques in cardiovascular sonography and is worth 
reading, even though the illustrations are complex and require con- 
siderably study. (Proofreading errors occur in some calculations in 
the legends, but the numbers are correct in the text.) It will be most 
valuable to those interested in echocardiography, but anyone who 
wishes to understand the many facets of Doppler sonography should 
give it some study. However, given its Steep price, perhaps necessi- 
tated by the cost of color photographs, one copy per department 
should suffice. 
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CT-Pathologic Correlation in Small 
Peripheral Lung Cancers 





To evaluate the morphology of small peripheral lung cancers, we studied thin-section 
CT images of 18 small peripheral lung cancers (14 adenocarcinomas, two squamous- 
cell carcinomas, one large-cell carcinoma, and one carcinoid) in 17 patients. After 
surgical resection, specimens were sliced transversely, and the gross morphology and 
histology were correlated with the appearance of the lesion on preoperative thin-section 
CT images. CT images showed fine spiculations in 78%, a notch in 83%, pleural retraction 
in 78%, and convergence of peripheral vessels in 83% of the 18 lung cancers. Further- 
more, in cases of papillary adenocarcinoma, the lesions had heterogeneous densities 
(78%) and small cavitations (67%). CT showed a peripheral fluffy zone in most of the 
well- or moderately differentiated papillary adenocarcinomas. This correlated well with 
tumor cells lining the alveolar walls, observed in pathologic studies. 

Comparison of thin-section CT images with pathologic data suggests that the dem- 
onstration of the lung-tumor interface and the tumor’s internal texture, while not specific 
for malignant lesions, can make the CT diagnosis of small peripheral lung cancers more 
accurate. 


Despite improved techniques to evaluate pulmonary nodules, such as bronchos- 
copy and percutaneous needle biopsy, there remain a significant number of cases 
in which surgical resection is necessary before carcinoma can be differentiated 
from benign lesions [1]. 

We obtained CT scans in patients with small peripheral lung cancers to investi- 
gate the CT appearance of the lung-tumor interface and the tumor’s internal 
texture. The CT findings were compared with the results from pathologic studies 
in an attempt to provide an improved basis for the CT diagnosis of small peripheral 
lung cancers. 


Subjects and Methods 


We studied 17 patients with 18 peripheral lung cancers 3 cm or less in maximum diameter 
in whom conventional chest radiography had shown a pulmonary nodule, but no cytopatho- 
logic confirmation could be obtained through bronchoscopy or percutaneous needle aspira- 
tion. Three patients had two primary lung cancers: two patients had a large tumor (more than 
3 cm in maximum diameter) and a small tumor (3 cm or less), and one patient had two small 
tumors (3 cm or less). The total of 20 tumors comprised 18 small and two large peripheral 
tumors. There were five women (average age, 53 years) and 12 men (average age, 58 years). 

Fourteen of the 17 patients with small, peripheral lung cancers were asymptomatic. In 
these cases, lung nodules were discovered on routine chest radiographs. Of the 18 such 
tumors found, eight nodules were located in the right upper lobe, two in the right middle lobe, 
three in the right lower lobe, four in the left upper lobe, and one in the left lower lobe. Thirteen 
small lesions were located peripherally and the other five were located adjacent to the 
interlobar fissure. Tumor size was 8-30 mm in maximum diameter; most tumors were 2 cm 
or smaller. The pathologic diagnoses of the 17 patients were 14 adenocarcinomas (nine 
papillary adenocarcinomas and five acinar adenocarcinomas), two squamous-Ccell carcinomas, 
one carcinoid, and one large-cell carcinoma later diagnosed by electron microscopy as a type 
Il alveolar cell carcinoma. 
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TABLE 1: Thin-Section CT Findings According to Histologic Type in Small Peripheral Lung 


Cancer 


NS e RS ST 


Thin-Section CT Papillary  Acinar 


(n=9) (Nn =5) 

Notch 8 4 
Spiculations 9 3 
Convergence of vessels 

and bronchi 8 4 
Pleural retraction 8 3 
Heterogeneous density 7 0 
Small cavitations 6 0 


Histalogic Type 
Squamous Large Cell Carcinoid Total 
(n = 2) (n = 1) (n = 1) (n = 18) 

2 1 0 15 
2 0 0 14 
2 1 0 15 
2 0 1 14 
0 0 0 7 
1 0 0 7 





CT scans were obtained with a GE CT/T 9800 scanner. After a 
frontal scout-view image of the thorax, scans were obtained from the 
lung apex to the base with a slice thickness of 10 mm. Several scans 
through the center of the lesion with a slice thickness of 1.5 mm 
were also obtained at 3-mm intervals. During the 2- or 3-sec scan 
duration, the patients held their breath at full inspiration. The recon- 
struction field was 13 cm in diameter, giving pixel dimensions of 0.25 
by 0.25 mm (matrix, 512 pixels). Each image was processed by a 
bone-detail algorithm to obtain higher resolution. CT findings sug- 
gesting malignancy were prospectively evaluated by three radiolo- 
gists. These included spiculations or lobulation, pleural retraction, 
convergence of peripheral vessels and bronchi, and absence of 
diffuse calcification. The presence of cavitation and heterogeneous 
density in a nodule was also evaluated. 

All lesions were surgically resected within 2 months after the CT 
examination. Inflated lung specimens were prepared by injecting a 
1% agar solution into the bronchi. Specimens were sliced transversely 
at the center of the tumor to provide optimal correlation with the CT 
images. 


Results 


On thin-section CT images, 16 of the 18 small peripheral 
lung cancers were prospectively diagnosed as lung cancers. 
Diffuse calcification (high attenuation values distributed dif- 
fusely throughout the nodule and a representative CT number 





of at least 164 H) [2, 3] or fat density in the nodule [4] was 
not observed. On thin-section CT images, spiculated margins 
were found in 14 nodules (78%), a notch or lobulation was 
present in 15 (83%), pleural retraction toward the nodule was 
present in 14 (78%), and convergence of peripheral vessels 
and branchi toward the nodule was present in 15 (83%). In 
addition, small cavitations (67%) and heterogeneous densities 
(78%) were observed in some of the nine papillary adenocar- 
cinomas (Table 1). 

The thin-section CT findings, according to histologic type, 
showec that 12 of the 14 adenocarcinomas and both squa- 
mous-cell carcinomas had notches and spiculations. Slight 
convergence of small peripheral vessels and bronchi was 
observed in most of the adenocarcinomas and both squa- 
mous-cell carcinomas. While these findings were also ob- 
served Dy conventional tomography, thin-section CT showed 
these findings more clearly than conventional tomography 
did. 

The morphology of papillary and acinar adenocarcinoma 
differed both on thin-section CT images and in pathologic 
specimens. The acinar adenocarcinomas showed homoge- 
neous oensity, and the degree of spiculation, pleural retrac- 
tion, and convergence of the peripheral vessels toward the 
nodule was less marked (Fig. 1). 


Fig. 1.—56-year-old man with acinar adenocarcinoma (22 x 16 mm) in left upper lobe. 

A, Chest radiograph shows well-defined shadow of increased density (arrow). 

B, Preoperative thin-section CT scan shows lobulated nodule (arrow) with convergence of peripheral vessel (arrowheads). 

C, Pathologic specimen (x3) shows lesion to be acinar adenocarcinoma. Alveolar spaces are filled with tumor cells and mucus. Notch is observed at 
entry point of feeding blood vessel (arrow). 
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Well- or moderately differentiated papillary adenocarcino- 
mas frequently had a heterogeneous density (seven of the 
eight) and multiple small cavitations (six of the eight) (Figs. 2 
and 3). In contrast, a poorly differentiated papillary adenocar- 
cinoma showed a well-circumscribed border with homoge- 
neous density, and the degrees of pleural retraction and 
convergence of peripheral vessels toward the nodule were 
clearly marked, both on thin-section CT and in the pathology 
specimen (Fig. 4). 

Squamous-cell carcinoma showed fine spiculations or a 
notch with pleural retraction. However, the convergence of 
the peripheral vessels and bronchi toward the tumor were not 
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as prominent as they were in adenocarcinoma on either thin- 
section CT or in the pathology specimens. Although central 
cavitation was not apparent on the thin-section CT images, 
small necrotic cavities filled with necrotic material were seen 
on pathology specimens (Fig. 5). 


Discussion 


Small peripheral lung nodules are important because of the 
possibility that the lesion is cancer [5]. In cases of small 
peripheral lung cancer, histopathologic confirmation by trans- 
bronchial brushing or percutaneous needle biopsy is often 
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Fig. 2.—45-year-old woman with papillary adenocarcinoma (15 x 14 mm) in right upper lobe. 

A, Chest radiograph shows focal area of increased density (arrow). 

B, Preoperative thin-section CT scan shows lobulated nodule with peripheral fluffy zone containing air bronchogram (arrow) and small cavities 
(arrowheads). 

C, Pathologic specimen (x3) shows lesion to be well-differentiated papillary adenocarcinoma with central fibrosis. Small cavities are bronchiectatic 
spaces. In peripheral area, tumor cells extend along alveolar septa. Advancing margin is restricted by interlobular septum (arrow). 








Fig. 3.—66-year-old man with acinar adenocarcinoma in right lower lobe and papillary adenocarcinoma (8 x 8 mm) in right upper lobe. 
A, Chest radiograph shows convergence of peripheral vessels in right upper lobe (arrows). 
B, Preoperative thin-section CT scan shows lobulated nodule with pleural indentation (long arrows) and convergence of peripheral vessels (short 


arrows). 


C, Pathologic specimen (x3) shows lesion to be moderately differentiated papillary adenocarcinoma with central fibrosis. In peripheral area, tumor cells 
extend randomly along alveolar septa, resulting in poorly defined advancing margins. Linear shadow is observed, apparently representing thickened 


connective tissue septa (arrow) toward pleural surface. 
e 
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Fig. 4.—72-year-old man with papillary adenocarcinoma (19 x 12 mm) in middle lobe. 

A, Chest radiograph shows poorly defined nodule (short arrow) with pleural retraction (‘long arrows). 

B, Preoperative thin-section CT shows lobulated nodule with marked convergence of wessels (arrows). 

C, Pathologic specimen (x3) shows lesion to be poorly differentiated papillary adenocarcinoma with central cicatrization and necrosis. Poorly defined 
advancing margins in upper portion of lesion contrast sharply with lobulated, well-circumscribed margins of remainder of periphery. Neighboring vessels 
(arrows) are gathered toward lesion by central scarring. Necrotic cavity was filled with necrotic material. 


A 
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Fig. 5.—63-year-old man with squamous-cell carcinoma (19 x 12 mm) in right upper lane. 


A, Chest radiograph shows poorly defined area of increased density (arrow). 


B, Preoperative thin-section CT scan shows poorly defined nodule with notch and pleural indentation (arrow). 
C, Pathologic specimen (x3) shows lesion to be squamous-cell carcinoma with centralnecrosis. These cavities were filled with necrotic material. 


difficult because of the small size, the poor contrast relative 
to surrounding normal lung, and the tendency for peripheral 
lung cancers to be located in the upper lobes of the lung [6]. 

The differential diagnosis of the various kinds of pulmonary 
nodules is difficult because the gross appearance of pulmo- 
nary lesions is not specific and the nature of the lung-tumor 
interface has not been studied completely [7]. A radiologic- 
pathologic correlative study by Theros [6] demonstrated the 
varying manifestations of a large number of peripheral lung 
cancers 5 cm or less in diameter. 

In a radiologic-pathologic correlative study of the lung- 
tumor interface with the use of an inflated fixed lung, Heitzman 


[7] demonstrated that expansive growth is characteristic of 
most lung cancers. The tumors had smooth or irregular 
borders on radiography. A unique growth of tumor cells lining 
the alveoli was seen in bronchioloalveolar cell carcinoma and 
infrequently in other cell types. This implies that tumor cells 
line or fi alveoli in a manner analogous to that of exudate in 
pneumonia. This results in a heterogeneous density with poor 
margina‘ion on radiography. 

In Our study, we used 1.5-mm CT sections to eliminate 
partial-volume averaging and to show the fine detail of small 
lesions. Thus, thin-section CT permitted the distinction among 
a solid tumor without aeration, a lesion with tumor cells lining 
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the alveolar walls and preserving the alveolar spaces, and 
normally aerated lung parenchyma (Fig. 2). The results show 
that thin-section CT is useful for evaluating the lung-tumor 
interface (margin characteristics, pleural retraction, and con- 
vergence of the peripheral vessels) and for studying the 
internal texture of the tumor (homogeneous or heterogeneous 
density and the presence of small cavitations). These obser- 
vations correlated closely with those made on gross mor- 
phology of the lesions and on very low power microscopic 
sections. 

A notch (or lobulation) and spiculations were seen in 83% 
of small peripheral lung cancers. These were the most com- 
mon manifestations observed on conventional radiography 
and on CT [8-10]. The tumor in Figure 1 is an acinar adeno- 
carcinoma, which both radiologically and pathologically was 
sharply circumscribed and did not invade surrounding lung 
tissue. All of the papillary adenocarcinomas had spiculations 
(Figs. 2-4). The spiculated margins were due to invasion of 
the surrounding lung tissue. To identify secondary lobules 
[11-13], the convergence of the peripheral vessels (especially 
the veins that run through the interlobular septum) was visu- 
alized by thin-section CT (Fig. 3). Pleural indentation, which 
is not pathognomonic of lung cancers [14], was difficult to 
show in the subpleural region by conventional tomography 
[15, 16]. However, indentations at least 2-3 mm in length 
could be identified on CT (Fig. 3). Pathologic studies showed 
this was compatible with thickened interlobular septa, fibrosis 
caused by obstruction of the peripheral vessel, or a lymphatic 
channel filled with tumor cells. 

Most papillary adenocarcinomas had a heterogeneous den- 
sity, best seen on thin-section CT with a wide window setting. 

Thus, observations made on thin-section CT of small pe- 
ripheral lung nodules are useful for the evaluation of lung 
cancers. On CT images obtained with wide window settings, 
the outer zones of well- or moderately differentiated papillary 
adenocarcinomas are less dense than the central zones and 
have spiculated borders. Pathologically, the outer zones of 
the tumors are composed of proliferating epithelial cells that 
extend along the alveolar walls. The central dense zones are 
caused by scarring or fibrosis. The small cavitation seen on 
CT was due to microcystic dilatation of small bronchioles, 
necrotic cavities, or bronchiectasis (Fig. 2). In the very small, 
moderately differentiated papillary adenocarcinoma, however, 
thin-section CT could not demonstrate the outer zone of 
tumor cells lining the alveoli (Fig. 3). 

CT is no substitute for transbronchial brushing or percuta- 
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neous needle biopsy. Histologic confirmation is required to 
confirm the diagnosis of small peripheral lung cancers. 
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The Clinician’s Guide to Diagnostic Imaging. Cost-Effective Pathways, 2nd ed. By Zachary D. Grossman, Felix 
S. Chew, David A. Ellis, and Stephen C. Brigham. New York: Raven, 287 pp., 1987. $21.50 


This soft-cover reference volume begins with an introduction that 
includes general considerations of CT, sonography, radionuclide im- 
aging, angiography, and MR. Risks of contrast material and of ionizing 
radiation are reviewed briefly. The remainder of the book is organized 
into chapters related to body systems, including the CNS and gas- 
trointestinal, genitourinary, chest, musculoskeletal, and cardiovascu- 
lar systems. In each of these chapters, the authors have selected 
problems for which imaging is the preponderant part of the workup, 
and they have avoided detailed discussions of physical diagnosis and 
nonimaging diagnostic examinations, such as laboratory tests. Most 
sections include an introduction, a plan and rationale of diagnostic 
workup, a Summary and conclusions, and additional comments, 
where appropriate. The final items in each section are a summary of 
the costs of the imaging procedures and a list of recent references. 

The style is conversational and direct, and the messages are 
invariably clear. Italics are used judiciously to emphasize important 
points, and algorithms in the form of decision trees are avoided. The 
book has no illustrations and does not need them. 

A final chapter covers general problems in diagnostic workups. 
Most of the sections are distinguished by their good sense, but none 
more than the section entitled “Search for Primary Cancer of Unknown 
Origin.” Here is a portion of the authors’ advice: “When a patient 
presents with metastatic cancer but no known primary, knowledge 
of the site of origin is useful only when it is likely to alter clinical 
management and prognosis. Because virtually the entire imaging 
repertoire is potentially applicable, the search must be narrowed by 
Clinical factors . .. The survival of patients with metastatic cancer of 
unknown origin is low. Even after autopsy, the primary site is found 
in less than half. The most common primary sites are pancreas and 


lung, two organs whose metastatic neoplasms are incurable. The 
imaging work-up is best confined to finding those primary cancers 
that can present as metastatic disease for which effective treatment 
is availabie.” 

The book ends with a glossary of terms that may be unfamiliar to 
the nonradiologist clinician, for whom the book is intended. A brief 
but adequate index is included. 

The authors’ approach to cost-effectiveness is based on initial 
selection of the examination that best addresses the specific clinical 
problem and is least likely to require additional examinations. Such 
an approach supports increased emphasis on CT of the chest and 
abdomen and MR imaging of the CNS. The authors do not discuss 
the sensitivity or specificity of the procedures they recommend, and 
they do not include elaborate flow diagrams. The reader completes 
each brief section with a heightened awareness of the problem to be 
solved, the imaging tools available to help solve it, and the order in 
which the tools should be used. Although the book contains less raw 
information and fewer references than its chief competitor, the re- 
cently published Brigham and Women's Hospital Handbook of Diag- 
nostic Imaging by McNeil and Abrams (Boston: Little, Brown, 1986), 
it succeeds admirably in accomplishing its primary mission: guiding 
Clinicians to choose appropriate and cost-effective pathways in di- 
agnostic imaging. The book will be of limited interest to radiologists, 
but | recommend it to house officers and other nonradiologist physi- 
cians. 


Melvyn H. Schreiber 
University of Texas Medical Branch 
Galveston, TX 77550 
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The Halo Sign and Malignant 
Breast Lesions 





The halo sign, described as a complete or partial radiolucent ring surrounding the 
periphery of a breast mass, has long been considered a mammographic sign indicating 
a benign process. The phenomenon is most frequently seen with cysts and fibroaden- 
omas. Over the past 8 years, 25 malignant breast lesions with a partial or complete halo 
on mammography have been identified in 19 women. These cases suggest that a halo 
sign does not guarantee a benign process. 


Little has been written about the “halo sign,” a narrow radiolucent ring surround- 
ing the circumference of some breast masses. This lucency, described as a strong 
mammographic indicator of a benign process [1-4], typically accompanies well- 
circumscribed masses such as cysts or fibroadenomas. It has been suggested that 
it represents compressed fat adjacent to the mass [2] or that it is due to the Mach 
effect [5]. So great is its purported diagnostic value that some authors recommend 
obtaining additional views, in an attempt to reveal it [4]. Over the past 8 years, we 
have documented 25 malignant breast masses in 19 women in whom partial or 
complete halo signs were seen on film/screen or xeromammography. 


Materials and Methods 


From January 1978 to July 1986, approximately 35,000 mammograms were performed in 
the Breast Imaging Section of the Department of Radiology at the Massachusetts General 
Hospital. Approximately 60% of the women evaluated during this time were symptomatic, 
while the remainder were seen for routine screening studies. Until 1983, mammography was 
performed using the xerographic technique with a conventional overhead tube; then dedicated 
mammographic systems were added for film/screen imaging. Presently, all studies are done 
with dedicated mammographic equipment and predominantly film/screen techniques. More 
than 1000 cancers were diagnosed in this population during that period. By retrospective 
review we have attempted to determine how many of these malignancies exhibited a partial 
or complete halo sign. 


Results 


During this period 25 malignant breast lesions were identified in 19 women, 
ranging in age from 41 to 80 years (mean, 62 years), in whom a complete or partial 
halo sign was visible (Figs. 1-4). One patient with lymphoma of the breast and 
another with papillary carcinoma had multifocal disease; each woman had four 
round lesions. 

The lesions ranged in size from 1.0 to 7.2 cm (mean, 2.4 cm). The halo was 
complete in 15 (60%) of the 25 masses and was probably complete, but obscured 
by surrounding tissue, in three additional lesions. In the seven remaining lesions, 
the halo was visible around 50-95% of the mass. Only one lesion had true spicules 
associated with 10% of its margin. 
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xeromammography. 


In 11 women the diagnosis was infiltrating ductal carcinoma 
(three of these were of the papillary subtype). Four patients 
had lymphoma of the breast. Single cases of metastatic 
melanoma, cystosarcoma phyllodes, malignant fibrous histio- 
cytoma, and breast cancer metastatic to an intramammary 
lymph node were also found. Six of the ductal cancers were 
high grade (Ill/Ill). Three of these had positive axillary nodes, 
and a fourth had osseous and pulmonary metastases. 


Discussion 


We were unable to find discussions of the halo sign in the 
literature, despite its mention in several textbooks. Tabar and 
Dean [4] state that, with the rare exception of papillary 
Carcinoma, intracystic carcinoma, and cancer arising in fi- 
broadenomas, the halo sign is diagnostic of a benign process. 
We excluded cases of the two latter types of lesions from our 
Study. The three cases of papillary cancer in our series were 
solid tumors and were not in cysts, as is occasionally the 
case. Other authors mention the halo primarily in association 
with benign lesions such as fibroadenomas and cysts. Unfor- 
tunately, as with many pathognomonic signs, this one too 
has significant exceptions. 

We reviewed the microscopic findings associated with the 
lesions in these 19 women and were unable to find a histologic 
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Fig. 1.—Mediolateral oblique film/screen mammography shows a smooth, lobulated mass in the 
lower right breast with surrounding lucent zone. Diagnosis was infiltrating duct carcinoma. 
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Fig. 2.—Craniocaudal positive-mode xerography shows multiple round densities with surrounding 
halos due to “toner rob.” Diagnosis was multifocal papillary carcinoma. See text. 


Fig. 3.—Film/screen mammogram shows a complete halo in a melanoma metastatic to the breast. 


Fig. 4.—Lateral view of the breast reveals an infiltrating ductal carcinoma with a partial halo on 


reason for the phenomenon. Some mammographers believe 
the halo represents compressed fat, but since we cannot 
explain why compressed fat should be more radiolucent than 
uncompressed fat, this explanation seems unlikely. Lesions 
imaged by positive-mode xerography show a halo that is 
actually “toner rob,” a technical term denoting the edge- 
enhancing effect produced by positive-mode xerography. 
Toner rob in this case was due to the abrupt transition of 
density at the edge of the lesion, resulting in a depletion of 
toner from the lower-density zone. 

It is more difficult to explain this phenomenon in negative- 
mode xeroradiography and in film/screen imaging. We believe 
that it is a variation of the retino-optical phenomenon of the 
Mach effect. When viewing an edge, contiguous cones in the 
retina suppress the adjacent receptors, resulting in a reduced 
Signal to the brain and producing the optical illusion of a 
darker zone (Fig. 5). 

We were able to simulate a halo by immersing a round 
water-filled latex sphere in fat with Surrounding air excluded 
(Fig. 6). The halo can be eliminated by obscuring the round 
density. We were unable to objectively show a change in 
density across the zone by densitometry. 

Regardless of the reason for the halo, its clinical significance 
is diminished by documentation of these cases. Since this 
was a retrospective study of only malignancies, the total 
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Fig. 5.—Infiltrating ductal carcinoma has a 
surrounding halo on negative-mode xerography. 


number and types of lesions exhibiting halos are yet to be 
determined. Many such lesions are not biopsied when there 
are several in one breast and they are likely to be cysts. We 
are, therefore, unable to ascertain the denominator for the 
frequency of this phenomenon. The appearance of a halo 
merely reflects a macroscopic smooth border with an abrupt 
density transition at the edge. In fact, the edge histologically 
may be irregular with obvious infiltration (Fig. 7), but at the 
level of mammographic resolution it may appear smooth and 
can produce a halo. The lesions in this series were studied 
with contact views alone. Some advocate magnification views 
to show the border at higher resolution, but we are unaware 
of any documentation that a smooth border at higher mam- 
mographic magnification guarantees a benign process. 
Statistically, the majority of lesions with a halo are benign, 
but each lesion should be considered individually to determine 
whether further investigation is warranted. Instead of obtain- 
ing additional views to look for a halo, it is probably more 
useful to obtain additional views (coned-down compression 
and magnification) to show spiculation, lobulation, or other 
signs of infiltration that would prompt earlier intervention. 


MALIGNANT BREAST LESIONS 





Fig. 6.—A halo is created by distending a 
latex bladder with water in a container of fat. 





Fig. 7.—Histologic section of cancer shown in 
Fig. 5. Note that microscopic margins show infil- 
tration, although mammographic margins appear 
smooth and a halo is present. (H & E stain) 


Significantly, the well-circumscribed lesions in this series 
did not all have the anticipated favorable prognosis. It is 
commonly believed that a round malignancy is most likely a 
medullary cancer, but in fact none of these lesions were 
medullary cancer. Furthermore, the argument that round can- 
cers are more indolent is not supported by these cases. More 
than half of the lesions (11/19) were infiltrating ductal cancers 
and 50% of these were poorly differentiated. Four (36%) of 
the eleven infiltrating ductal cancers had positive axillary 
nodes or distant metastases. Thus, these were not innocuous 
tumors. 
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Breast Cancer Detection. Mammography and Other Methods in Breast Imaging, 2nd ed. Edited by Lawrence W. 
Bassett and Richard H. Gold. Orlando, FL: Grune & Stratton, 204 pp., 1987. $59 


This book will be most useful to those who have not seen the first 
edition. The main value is the overall review of various topics related 
to breast imaging, updated information on xeromammography, the 
benefits and risk of X-ray mammography, and an extensive reference 
list for readers who seek detailed information. 

The book does not represent a detailed text on the subject, nor is 
it a good atlas with numerous examples of various disease processes. 
It is, however, a good attempt at an unbiased review of the current 


technology available for detection of breast cancer. One obvious flaw 
is the use of outdated dosage figures in section 1. Chapters on CT 
and eleczron mammography have been omitted, and ones on light 
Scanningand MR imaging have been added. 


John N. Wolfe 
Hutzel Hospital 
Detroit, MI 48201 


Gamuts in Radiology. Comprehensive Lists of Roentgen Differential Diagnosis. By Benjamin Felson and Maurice 
M. Reeder. Cincinnati, OH: Audiovisual Radiology of Cincinnati, 925 pp., 1987. $90 


How do you evaluate a book of gamuts? Not by illustrations—it 
has none. Perhaps by weight: weighing in at 4 Y Ib. (1.9 kg), this 
hefty tome compiled by Drs. Felson and Reeder represents a sub- 
stantial revision of the first edition (2 5% Ib. [1.2 kg]). Obsolete entries 
have been deleted, 300 new gamuts added, and the terminology 
updated. Also, the bibliography has been extended, and the book 
now has a much needed index with page numbers. 

The gamuts (800 lists of roentgenographic findings, patterns, and 
Classifications) are grouped into nine sections corresponding to the 
System used by the American College of Radiology: skull and brain, 
face and neck, spine, bones and joints, cardiovascular system, chest, 
gastrointestinal system, genitourinary system, and miscellaneous 
system diseases. Most of the gamuts are divided into common and 
uncommon entries, and subgamuts amplify some of the gamuts. In 
addition, each section has its own table of contents. The authors 
Suggest reviewing all items to “jog the memory so that all various 
possibilities are given consideration.” Then, using the clinical and 
laboratory information, the radiologist should select the most likely 
entry. 

Gamuts in Radiology is a veritable gold mine of information, includ- 
ing such items as ILO 1980 International Classification of Radiographs 


of Pneumoconioses and age incidence of bone tumors. | cannot say 
that | have read the book cover to cover or put it all to memory. 
However | was impressed with my lack of knowledge about many 
of the ertries. For example, | looked up interstitial lung disease. Its 
gamut is a bit longer than the crude mnemonic we used as residents 
(about 142 entries, depending on how they are counted). Consider 
also congenital syndromes with delayed and/or defective dentition 
(69 entri) or congenital syndromes with retarded skeletal maturation 
(59 entries). However, myriad short pithy gamuts are included (e.g., 
Calcification about the fingertips, eight entries) that make readers 
wonder why they have not been using this reference more often. 

This compendium of knowledge is best suited as a reference for 
the practzing physician. A radiology resident Studying for the boards 
would be-overwhelmed by the number of entries. The second edition 
of Gamut in Radiology is well worth its extra weight. Now that Drs. 
Felson amd Reeder have done all the leg work, | cannot imagine 
radiology without this book. 


Lee B. Milner 
Bluefield Community Hospital 
Bluefield, WV 24701 
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Survey of Mammography 
Practices 





Of the 319 radiologists who responded to a survey concerning mammography prac- 
tices, 50% were employed in a private hospital and 26% in a private office. Film-screen 
mammography was used most often (54%) followed by xeromammography (30%) and 
a combination of film-screen and xeromammography (16%). Of the respondents, 62% 
had changed their method of performing mammography in the last 10 years. Of these, 
50% had switched from xeromammography to film-screen, 23% from direct film to film- 
screen, 15% from direct film to xeromammography, and 6% from film-screen to xero- 
mammography. Mammographic equipment had been purchased by 71% of respondents 
after 1983. Most respondents (71%) monitored mammography equipment doses, usually 
at 6- to 12-month intervals. Manual breast examinations were done at the time of 
mammography at 42% of the facilities, and breast self-examination was taught at 32%. 
For screening, 87.4% used a two-view examination, 92% required the name of a referring 
physician to whom the report could be sent, 28% accepted self-referred patients, and 
only 12% charged a reduced fee for screening. Breast sonography was performed by 
53% (93% hand-held vs 7% automated), but none used sonography for screening. Only 
one respondent reported using thermography; three used light scanning. A need for 
postgraduate mammography courses for radiologists was indicated by 81%, while 69% 
recommended technologist courses and 64% recommended 1-week fellowships for 
radiologists. 


The frequency of breast cancer in the United States is increasing [1]. Support 
from the American Cancer Society and national medical societies and encouraging 
results from ongoing mass screening programs in the United States and Europe 
have resulted in increased use of mammography [2-10]. However, there are 
concerns that the expanding use of mammography will be accompanied by inade- 
quate interpretations, poor technical quality, excessive dosage, and an unaccept- 
able economic burden [11-13]. We conducted a survey to evaluate the current 
status of mammographic practice in the United States, especially in regard to 
screening. This report details the results of that survey. 


Materials and Methods 


On April 10, 1986, a questionnaire was sent to 1000 radiologists nationwide. The radiolo- 
gists were randomly selected by computer from among the members of the American College 
of Radiology (ACR). The questions asked are outlined in Table 1. 


Results 


Three hundred nineteen radiologists (32%) returned the questionnaire. The 
demographic characteristics of the respondents closely matched those of the 
sampled group as a whole, including median age, 47 years; median year of 
certification, 1973; and gender, 93% men. The questionnaire was sent to radiolo- 
gists in all zip-code regions, and the percentages of respondents in the various 
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TABLE 1: Mammography Questionnaire 


1. Nature of practice: Private office. Private hospital__ 
HMO... University Breast imaging center == 
Other. 


2. Number of radiologists in group... Number interpreting 
mammograms... Number with residency training in mammo- 
graphy mem 

3. Type of mammography: 

Xeromammography me Film-screen._.. Direct film 
Dedicated equipment: Yes... No. 
Year purchased 


Have you changed your method in the last 10 years? If yes, 
how? 





4. Are your X-ray dosages monitored? If yes, how 
frequently? mem Approximate midbreast dOSe 


5. Does the radiologist or assistant perform a physical 
examination? m= Teach breast self-examination? 
6. Screening mammography practices: 
Number of views of each breast. 
Is routine physical examination performed? 
Do you accept self-referred patients? 
Do you insist on the name of a physician to send report to? 
Is your fee for screening less than for symptomatic patients? 
7, Other breast examination performed: Sonography mm 


Thermography m=- Light-SCanniNG—— How is other method 
used (for example, adjunct to mammography only, screening)? 


8. Is there a need for postgraduate mammography courses for your 
radiology technologists? Is there a need for 1-week 
fellowship courses?.__.... Would you or your group purchase an 
ACR teaching file if it cost $1000? m $500? 

9. The following questions require record-keeping data: 


How many mammograms were obtained each year from 1980 
through 1985?_.. What percentage of these were for 
screening asymptomatic women? 


How many preoperative needle localizations were performed 
each year from 1983 through 1985? 


How many breast cancers were detected from 1984 
through 1985? 


Number in women over 507... Under 50? 

Number detected by mammography? Number detected 

by mammography alone? 

How many were minimal cancers (in situ, intraductal, <1 cm)? 


What is your mammographic false-negative rate (percentage 
of proven cancers missed)? 


Note.—-HMO = heaith maintenance organization; ACR = American College 
of Radiology. 


regions reflected the percentages of ACR members residing 
in those zip-code regions. The greatest number of the re- 
Spondents indicated they were employed in a private hospital 
(50%), followed by private office (26%), breast imaging center 
(7%), university (4%), health maintenance organization (0.6%), 
and other (5%). Seven percent of the respondents did not 
indicate the nature of their practice. The practice group com- 
prised one radiologist in 12%, two to four in 31%, five to 
seven in 24%, eight to 10 in 14%, and more than 10 in 14%. 
The number of radiologists was not indicated in 6%. 

As the number of radiologists in the group increased, there 
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was a tendency for specific radiologists to be responsible for 
interpreting mammograms. This subspecialization was most 
pronounced in groups with eight or more radiologists. 

Of 290 radiologists who reported the type of mammography 
they used, 54% reported using film-screen mammography, 
30% xeromammography, 16% combined film-screen and xe- 
romammography, 0.6% a combination of xeromammography 
and direct film, and 0.3% (one radiologist) direct film. Of those 
using film-screen mammography, 92% reported using dedi- 
cated mammography equipment, while the corresponding 
figure for those using xeromammography was 60%. Of 224 
radiolog:sts reporting the year their mammography equipment 
was purchased, 12% reported the equipment was purchased 
in 1986, 39% in 1985, 20% in 1984, 7% in 1983, 6% in 1982, 
6% from 1977 through 1979, and 10% before 1977. 

Of 273 radiologists who answered the question concerning 
changes in their method of mammography, 72% reported 
having changed their method in the last 10 years. Of these, 
50% had changed from xeromammography to film-screen, 
23% from direct film to film-screen, 15% from direct film to 
xeromammography, and 6% from film-screen to xeromam- 
mograpay. Five radiologists reported changing from combined 
direct film and xeromammography to film-screen alone, and 
two reported changing initially from direct film to xeromam- 
mography and then from xeromammography to film-screen. 

Two hundred twenty-six facilities (71 %) reported that their 
mammography dosages were monitored. Of these, 6% re- 
ported that the monitoring was performed every month, 21% 
every 2-6 months, 47% every 6-12 months, and 17% an- 
nually. 

Physical examinations were performed at the time of mam- 
mography at 42% of the facilities, and breast self-examination 
was taught at 32%. 

Two hundred eighty-five radiologists responded to ques- 
tions on screening mammography. Of these respondents, 
87% used a two-view examination, 11% used three views, 
and 0.4%% used one view. For screening, 28% accepted self- 
referred patients, and 92% required the name of an attending 
physiciaa to whom the report could be sent. Only 12% 
charged a lower fee for screening mammography than for 
diagnostic mammography. 

One hundred sixty-eight radiologists (53%) reported using 
breast senography in their practice. Of these, 94% used hand- 
held sonography and 7% used automated sonography. None 
used sonography for breast cancer screening. Only one ra- 
diologist reported using thermography, and that radiologist 
used it anly for screening. Three respondents indicated that 
they used light scanning, and two of the three used it for 
screening. 

in answer to questions concerning the need for postgrad- 
uate mammography courses, 81% indicated a need for 
courses for radiologists, 69% indicated a need for courses 
for technologists, and 64% indicated a need for 1-week 
fellowships for radiologists. Although 49% were willing to 
spend $500 for an ACR-generated teaching file, very few 
were willing to spend $1000. 

Insufficient replies were received in answer to question 9, 
making meaningful interpretation impossible. 
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Discussion 


The greatest number of survey respondents (76%) were in 
a private hospital or office practice. The majority worked in 
groups composed of two to seven radiologists. Within these 
practices, the proportion of radiologists interpreting mammo- 
grams decreased as the number in the group increased. This 
subspecialization was expected, and was most pronounced 
in groups with eight or more radiologists. 

The survey indicates that a large number of practicing 
radiologists did not receive training in mammography during 
their residencies, confirming the findings of Homer [14], who 
found in a 1980 survey that 13% of radiology training pro- 
grams required no training in mammography. Homer's survey 
further indicated that only nine of 91 diagnostic radiology 
training programs had rotations devoted exclusively to mam- 
mography. The ACR has addressed these deficiencies by 
encouraging more vigorous residency training in mammogra- 
phy and more intensive examination in mammography for 
board certification [13]. 

In 1979, Jans et al. [15] reported that film-screen units 
accounted for 45% of all mammography units, xeromammog- 
raphy for 45%, and direct-exposure (nonscreen) film mam- 
mography for 10%. In our survey, 71% of the mammography 
equipment had been purchased after 1983, and the most 
frequently reported change was from xeromammography to 
film-screen (50%). 

Two hundred twenty-six radiologists (71%) reported that 
mammographic radiation doses were monitored. However, 
only 60 reported dose-monitoring at less than 6-month inter- 
vals. Doses for film-screen mammography were on the aver- 
age lower than those for xeromammography. Concerns of 
radiologists, national medical organizations, and the public 
have led the ACR to develop a voluntary mammography 
accreditation program. This program offers ACR members 
the opportunity for peer review and evaluation of equipment, 
staff qualifications, image quality, and radiation dosage. Each 
facility seeking accreditation must purchase a phantom for 
use in the accreditation process as well as in ongoing quality- 
control procedures. Radiographs of the phantom and dosim- 
eter as well as mammograms of two patients are to be 
evaluated by a review panel of radiologists and medical 
physicists by using the program's standards. 

Our results imply that the vast majority of screening mam- 
mograms are obtained on a traditional referral basis in a 
general diagnostic facility located in a hospital, clinic, or private 
office; furthermore, no distinction is usually made between 
the time and effort required for screening mammography and 
that for mammography of a symptomatic patient. Only 12% 
of the surveyed radiologists reported a different fee for 
screening and diagnostic examinations. 

Two recent surveys have shown that only 11% of the 
surveyed primary-care physicians followed the American Can- 
cer Society's guidelines for screening mammography, and the 
principal reason given for their noncompliance was the high 
cost of mammography [16, 17]. Means of reducing the 
charges for mammography include (1) examining a large 
number of women per day; (2) cost accounting; (3) removing 
the examination from the hospital, indirect costs are high; (4) 
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limiting the role of the radiologist to interpretation vs perfor- 
mance of the examination; and (5) phototiming and batch- 
processing of films [18, 19]. Most radiologists in our survey 
(87%) used a two-view examination for screening mammo- 
grams, and only 0.4% used single-view screening. Although 
Lundgren and Jakobsson [20] achieved excellent results with 
single-view screening, single-view screening may actually be 
less cost-effective than two-view screening if large numbers 
of normal patients need to be called back for additional views 
after single-view examinations [21, 22]. 

More than half (53%) of the radiologists we surveyed 
reported the use of sonography in their practice; the majority 
(94%) used hand-held sonography, and none used sonogra- 
phy alone for breast-cancer screening. Breast sonography 
was Originally advocated for cancer detection, but its sensitiv- 
ity and specificity were found to be lower in this endeavor 
than for cyst/solid differentiation [23-27]. For the latter pur- 
pose, hand-held units are superior to automated units be- 
cause they are less expensive and often are more accurate. 
Other unproved methods of breast cancer detection, ther- 
mography and light scanning, were not found by this survey 
to be used widely. 

Most of the radiologists surveyed indicated that there was 
a need for postgraduate mammography courses for radiolo- 
gists and technologists and for 1-week mammography fellow- 
ships. The ACR has responded to this demand with weekend 
mammography symposia, emphasizing learning at the view 
box. The initial symposia were enthusiastically received, and 
future symposia are scheduled for Chicago and San Fran- 
cisco. The ACR offers radiologists a Mammography Resource 
Kit free of charge. This reference guide to important issues in 
mammography includes ACR policy statements, mammog- 
raphy guidelines of various professional medical organiza- 
tions, an extensive and up-to-date mammographic bibliog- 
raphy, and a list of accredited week-long mammography 
fellowships in the United States and Canada. The kit may be 
ordered by writing the ACR (American College of Radiology, 
1891 Preston White Dr., Reston, VA 22091). 

At the end of our questionnaire, the radiologists were asked 
to provide statistical data regarding their mammography prac- 
tices. Insufficient responses to most of these questions may 
have resulted from lack of documentation or the time and 
effort required to respond. However, the importance of keep- 
ing accurate records, especially as to cancers detected and 
missed, in order to improve mammographic interpretive skills 
cannot be overemphasized. In the process of compiling these 
data, the opportunity for clinical-mammographic-surgical- 
pathologic correlations is an invaluable means of self-instruc- 
tion, learning, and improving one’s interpretive skills with 
mammography. 
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Commentary 





Reduced-Price Mammography Screening 


Edward A. Sickles’ 


The preceding survey paper by Bassett et al. [1] sheds 
light on several important aspects of breast imaging practice 
in the United States. Particularly notable trends are the in- 
creasingly widespread use of dedicated mammographic 
equipment and the continued growth in use of screen-film 
technique, the extent of which had not been documented so 
convincingly until now. 

| will restrict my discussion to an area of recent interest 
covered only partially in the survey: the issue of charging a 
reduced fee for screening mammography [2-11]. Bassett et 
al. found that only 12% of responding radiologists had 
adopted this approach. | was initially surprised by such a low 
percentage, but further reflection prompted the comments 
that follow. 

It would be unrealistic to expect more than half of radiolo- 
gists to implement reduced-price mammography screening at 
this time. As has been shown on several occasions, the ability 
to significantly decrease screening costs is highly dependent 
on patient volume [2-5, 7-9, 11]: a minimum of 15 screening 
examinations per day are needed to lower the total charge to 
the patient to approximately $50. Therefore, one should not 
even consider a substantial price reduction unless an appro- 
priately high case-volume is anticipated. A precise estimate 
of the percentage of radiologists with such busy mammog- 
raphy practices is not forthcoming from Bassett et al., be- 
cause they did not receive an adequate number of survey 
responses on mammography volume. However, my best 
guess is that less than half of the radiology groups now in 
practice would meet these requirements. 

Furthermore, | believe that the 12% figure quoted for two- 
tiered mammography pricing is an underestimate of current 
practice. The survey of Bassett et al. was conducted in the 


spring of 1986, before publication of any of the recent articles 
describing the rationale for, mechanics of, clinical experience 
with, and potential problems accompanying low-cost screen- 
ing [2-11]. As a result, many radiologists with high-volume 
practices simply were unaware at that time of the practicality 
of selectively lowering their mammography screening fees. 
Judging by the abundance of telephone and mail inquiries that 
| have received since publication of my first paper on the 
subject in July 1986 [2], | can attest to a very high level of 
interest now. As a rough indication of current practice, | will 
relate the results of an informal survey done at a July 1987 
breast imaging conference held by the Los Angeles Radiolog- 
ical Society; almost half the audience raised hands to indicate 
that they charged a reduced fee for screening mammography. 
Admittedly, this was a select gathering of radiologists suffi- 
ciently interested in breast imaging to attend a weekend 
postgraduate course, but responses such as this have con- 
vinced me that a sizable percentage of radiology groups, 
much higher than 12%, already have adopted a two-tiered 
pricing policy for mammography. 

Finally, although reduced-price mammography screening is 
now well established in many areas of the United States, 
probably the number of radiologists performing it will steadily 
decrease, perhaps to only one or two members of an average- 
sized radiology group. Most of the currently successful large- 
volume screening practices are run by enthusiastic and expert 
mammographers, or at least by radiologists willing to dedicate 
a considerable portion of their time to breast imaging. As 
screening caseloads continue to grow substantially, and they 
likely will for the foreseeable future, these increasingly skilled 
individuals will read a more disproportionate number of cases, 
widening the gap of competence between themselves and 
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their less experienced colleagues. The result will be an inex- 
orable trend toward breast imaging subspecialization. Indeed, 
this process is already underway, as evidenced by the recent 
opening of several 6-month and 1-year mammography fellow- 
ship training programs [10]. Graduates of these programs, in 
addition to committed practitioners who develop their skills 
on the job, will be the mammography screeners of the future. 
The percentage of reduced-price screening practices should 
continue to increase, but | would not be surprised to see a 
Survey in the year 2000 show that only about 12% of radiol- 
ogists are reading the films. 
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Contrast Optimization for the 
Detection of Focal Hepatic 
Lesions by MR Imaging at 1.5 T 





The relative efficacies of different spin-echo pulse sequences at 1.5 T were evaluated 
in the detection of focal hepatic disease. Pulse sequences compared were spin-echo 
with a repetition time (TR) of 200 msec and echo time (TE) of 20 msec, with six 
excitations; TR = 300 msec, TE = 20 msec, with 16 excitations (T1-weighted sequences); 
and a double spin-echo with TR = 2500 and TE = 25 and 70, with two excitations 
(proton-density-weighted and T2-weighted pulse sequences, respectively). Respiratory- 
motion compensation, which involved a reordering of the phase-encoding gradients 
(Exorcist), was used for the last two sequences. Spin-echo with TR = 2500 msec and 
TE = 70 msec was superior in lesion detection and contrast-to-noise ratio. The proton- 
density-weighted and T2-weighted sequences with respiratory compensation produced 
better artifact suppression than did the short TR, short TE T1-weighted sequence with 
temporal averaging. 

In contradistinction to prior results at 0.6 T, T2-weighted pulse sequences appear 
superior to T1-weighted pulse sequences with multiple excitations for both lesion 
detection and artifact suppression at 1.5 T. 


A recent article by Stark et al. [1] indicated that, at 0.6-T magnetic-field strength, 
a T1-weighted spin-echo sequence (with a short repetition time (TR) of 260 msec 
and short echo time (TE) of 18 msec with 18 excitations) produced images of the 
upper abdomen that had greater anatomic resolution and signal-to-noise ratio than 
did proton-density-weighted sequences (long TR/short TE) and T2-weighted pulse 
sequences (long TR/long TE). In addition, when discrimination of focal hepatic 
lesions from normal liver was quantified by contrast-to-noise ratios, the short TR/ 
TE multiple-excitation method was superior to all other techniques. The success 
of the spin-echo technique with TR = 260 msec, TE = 18 msec with 18 excitations 
at 0.6-T field strength presumably reflects both the exploitation of T1 differences 
between tumor and liver and the significant benefit of temporal averaging in reducing 
image noise and artifacts due to body-wall motion. 

As magnetic-field strength increases, T1 differences between tumor and normal 
liver appear to decrease [2]. T2 generally is believed to be independent of field 
strength [3]. As a result, Henkelman et al. [4] predicted that a long-TR, long-TE 
pulse sequence would provide the best contrast in MR imaging of hepatic metas- 
tases when a field strength of 1.5 T was used. Stark et al. [1] also indicated that 
their results were valid only for intermediate-field-strength systems. 

To evaluate the efficacy of a short-TR, short-TE, multiple-excitation sequence at 
1.5 T in the detection of focal hepatic lesions, we conducted a protocol study 
comparing this technique with more traditional proton-density-weighted and T2- 
weighted sequences obtained with respiratory-ordered phase encoding (Exorcist). 
The study was designed to compare lesion detectability and contrast, to determine 
relaxation parameters of normal liver and focal hepatic lesions, and to compare 
artifact suppression achieved by temporal averaging and respiratory compensation. 
In addition, contrast discrimination was compared by using both relatively short 
acquisition times for the T1-weighted sequence (phase 1) and subsequently by 
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employing equivalent imaging times for all of the sequences 
(phase 2). 


Subjects and Methods 


Thirty-one patients with focal hepatic disease were selected for 
phase 1 of the study. In all patients a preliminary positive CT scan 
had been obtained with an incremental dynamic scanning technique 
that used a continuous IV bolus injection of contrast material. Five 
patients had focal hepatic cysts, seven had hepatic hemangiomas, 
and 19 had hepatic metastases (six colon, four pancreas, three 
uterus, six other sites). Hepatic cysts and hemangiomas were diag- 
nosed by typical sonographic and CT characteristics in patients with 
no known primary malignancy. Hepatic metastases were diagnosed 
presumptively on the basis of multifocal solid lesions in patients 
receiving systemic chemotherapy for biopsy-proved primary malig- 
nancies. Fifteen patients were included in phase 2 of the study. 
Eleven patients had metastatic liver disease (five colon, three pan- 
creas, three other sites); one patient had a hepatoma; two patients 
had hemangiomas; and one patient had a presumptive diagnosis of 
focal nodular hyperplasia. One of these patients had diffuse fatty liver 
and multifocal metastases. 

The study was performed by using a commercially available MR 
imager (Signa, General Electric Medical Systems, Milwaukee, WI). 
The pulse sequences used for both phases of this study are outlined 
in Table 1. All pulse sequences used the spin-echo technique with 
variations of TE and TR to provide relative T1-weighting, proton- 
density—weighting, or T2-weighting. In phase 1, the T1-weighted spin- 
echo technique of TR = 200 msec, TE = 20 msec with six excitations 
differed from that of Stark et al. [1], predominantly in the number of 
excitations used. Hardware and software limitations available with 
the prior version of the Signa unit allowed only four contiguous 
sections for a TR = 200 msec, necessitating multiple reentries of 
scan technique descriptors for each incremental four-slice imaging 
sequence. The number of excitations was limited to six to avoid an 
unduly prolonged examination time. In phase 2, the T1-weighted spin- 
echo technique was upgraded to TR = 300 msec, TE = 20 msec, 
with 16 excitations, equivalent to the technique of Stark et al., and 
with imaging time equivalent to that used for the T2-weighted se- 
quences. 

A second spin-echo sequence of TR = 500 msec, TE = 25 msec, 
with the two excitations was also used to allow T1 calculations for 
focal tumor and liver by using two pulse sequences with different 
TRs and the same TE. 

The final imaging technique was a double spin-echo sequence 
consisting of TR = 2500 msec, TE = 25 and 70 msec, with two 
excitations per sequence, providing proton-density—-weighted and T2- 
weighted images (respectively). All sequences except the T1- 


TABLE 1: MR Imaging Parameters in Hepatic Disease 





Interval 


Respiratory- 
Pulse Sequence (msec) Paka Motion 
TA TE Compensation 
T1-weighted: 
Phase 1 200 20 6 No 
Phase 2 300 20 16 No 
Both phases 500 25 2 Yes 
Proton-density—weighted 2500 25 2 Yes 
T2-weighted 2500 70 2 Yes 





Note.—Matrix = 128 x 256; thickness = 10 mm; spacing = 5 mm. 
a For each phase-encoding gradient step. 
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weighted techniques were performed with respiratory-ordered phase 
encoding in which the strength of the phase-encoding gradient was 
directly related to the phase of the respiratory cycle. 

All images were recorded with a matrix of 128 x 256, with a 10- 
mm slice thickness and 5-mm interslice spacing. 

Four separate sets of data were obtained for image analysis. First, 
in both T1-weighted phases, lesion detection and comparative signal 
intensity of the lesion and surrounding normal liver were evaluated 
by two observers. The subjective evaluation of lesion detection was 
complemented by a second and objective measurement—contrast- 
to-noise ratio. The contrast-to-noise ratio was calculated as the 
intensity differences between focal hepatic lesions and adjacent 
normal liver divided by the standard deviation of the noise, as meas- 
ured in a large elliptical region of interest anterior to the abdominal 
wall. These noise values reflected both coherent noise from body- 
wall motion artifacts as well as incoherent thermal noise. 

To complement the measurements of contrast-to-noise ratios in 
phase 1 ef the study, relaxation parameters (T1, T2) were determined 
from the available pulse sequences by using a two- or three-point 
least-squares-fit routine. 

The final comparison was the relative value of temporal averaging 
and respiratory-ordered phase encoding in suppressing artifacts. 


TABLE 2: Signal Intensities of Focal Hepatic Lesions Relative 

to Liver 

EE EE SS SSS a 
Signal Intensity of Lesion 


Less Equal Greater 
T1-weighted 30 12 4 
Proton-density—weighted 9 11 30 
T2-weighted 0 2 44 





Results 


Lesiom detection and comparative signal intensities for the 
different pulse sequences are listed in Table 2. Of the 46 
patients with focal hepatic lesions evaluated in this study, 44 
had positive T2-weighted spin-echo studies (TR = 2500 msec, 
TE = 70 msec). All lesions identified by the T2-weighted pulse 
sequence were hyperintense relative to adjacent normal liver 
and corresponded in location to the lesion site identified on 
the preliminary dynamic CT scan (Figs. 1 and 2). The highest 
values of signal intensity were recorded from hepatic cysts 
and hemangiomas. The T1-weighted spin-echo pulse se- 
quences (TR = 200 msec, TE = 20 msec, with six excitations, 
and TR = 300 msec, TE = 20 msec, with 16 excitations) 
detected lesions in approximately 75% of the patients; in all 
but four patients, the detected lesions had a signal intensity 
lower than that of adjacent normal liver (Figs. 3 and 4). Focal 
lesions with relatively high signal intensity on T1-weighted 
pulse sequences were a hepatic cyst with presumed internal 
bleeding after recent surgical exploration, metastatic lesions 
with presumed intratumoral hemorrhage, and metastases in 
association with presumed iron overload. The proton-density 
spin-echo sequence (TR = 2500 msec, TE = 25 msec) 
resulted in lesion detection in approximately 75% of patients. 
In most cases, the detected lesions were of higher signal 
intensity than adjacent normal liver. 
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Fig. 1.—Carcinoma of the pancreas with multiple hepatic metastases. 


A, T1-weighted pulse sequence (TR = 300 msec, TE = 20 msec, 16 excitations). Hepatic metastases are barely perceptible. There are motion artifacts 
(“ghosting”) internal to abdominal wall. However, lack of lesion contrast rather than motion artifacts is responsible for lack of lesion detectability. 

B, Proton-density-weighted pulse sequence (TR = 2500 msec, TE = 25 msec, two excitations). Multiple hepatic metastases are evident. All lesions are 
relatively increased in signal intensity. Artifact has been substantially reduced by respiratory-ordered phase encoding. 

C, T2-weighted pulse sequence (TR = 2500 msec, TE = 70 msec, two excitations). Anatomic image quality is degraded relative to proton-density 
image. Nevertheless, contrast-to-noise ratio is improved, reflecting significant T2 differences between tumor and normal liver. 





Fig. 2.—Carcinoma of the endometrium with multiple hepatic metastases. 


A, T1-weighted pulse sequence (TR = 300 msec, TE = 20 msec, 16 excitations). Two hepatic metastases are present (one in posterior right lobe and 
one in lateral segment of left lobe). Motion artifacts are present internal to abdominal wall. 

B, Proton-density-weighted pulse sequence (TR = 2500 msec, TE = 25 msec, two excitations). Two hepatic metastases, which are higher in signal 
intensity than liver, are more clearly evident than on T1-weighted sequence. Artifacts have been reduced considerably by respiratory-ordered phase 


encoding. 


C, T2-weighted pulse sequence (TR = 2500 msec, TE = 70 msec, two excitations). Although anatomic image quality is degraded relative to proton- 


density—-weighted image, contrast-to-noise ratio is improved. 


Contrast-to-noise ratios were determined for each pulse 
sequence and for each category of focal lesion: cyst, heman- 
gioma, and tumor. The results for phases 1 and 2 are outlined 
in Table 3. Contrast-to-noise ratios obtained by the T1- 
weighted pulse sequence in phase 1 of the study were 
subsequently modified to reflect a standardized imaging time, 
or isotime, as initially advocated by Stark et al. [1]. The values 
were multiplied by the square root of 10.67 divided by the 
imaging time, 10.67 min being the time required for the 
conventional double spin-echo sequence of TR = 2500 msec, 
TE = 25 and 70 msec, with two excitations, and a 128 x 256 
matrix. The results of the weighted contrast-to-noise deter- 
minations agreed with the actual isotime studies in phase 4 


in that the T2-weighted pulse sequence still provided superior 
contrast discrimination in the detection of hemangiomas or 
focal hepatic tumors. Thus, the T2-weighted sequence not 
only enabled improved detectability of focal lesions in more 
patients, but those lesions that were detected by the T2- 
weighted pulse sequence had greater contrast discrimination 
than was seen in the other pulse sequences. 

In phase 1 of the study, mean T1 and T2 values were 
determined for hepatic cysts, hemangiomas, metastatic dis- 
ease, and normal liver by using the two- or three-point least- 
squares-fitting routine. The results are summarized in Table 
4. T2 values for normal liver (34 msec, SD = 8 msec) were 
fairly consistent among the three subgroups of patients. As 
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Fig. 3.—Colon carcinoma with multiple hepatic metastases. 
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C 


A, T1-weighted pulse sequence (TR = 200 msec, TE = 20 msec, six excitations). Multiple lesions are lower in signal intensity than adjacent normal 


liver. Motion artifacts have been effectively eliminated by signal averaging. 


B, Proton-density-weighted sequence (TR = 2500 msec, TE = 25 msec, two excitatioas). Lesion contrast is decreased in comparison with T1-weighted 
image. Lesions are of relatively lower signal intensity than adjacent normal liver, unusuabon a proton-density-weighted image. Motion-artifact suppression 


is comparable with that of T1-weighted image. 


C, T2-weighted pulse sequence (TR = 2500 msec, TE = 70 msec, two excitations). Apart from peripheral lesion in mid right hepatic lobe, which has 


slightly greater signal intensity than adjacent liver, metastases are isointen 


density-weighted image, reflecting relative loss of signal-to-noise ratio. 


se with normal liver. Anatomic image quality is degraded relative to proton- 





Fig. 4.—Carcinoma of the pancreas with multiple hepatic metastases and diffuse fatty infiltration of the liver. 


A, T1-weighted pulse sequence (TR = 300 msec, TE = 20 msec, 16 excitatio 
lobe. A third lesion is seen adjacent to bare area of liver. Relatively high signa 
B, Proton-density-weighted pulse sequence (TR = 2500 msec, TE = 25 msec 


ns). Two 1ypointense lesions are present in lateral segment of left hepatic 


intensity of liver reflects fatty infiltration and shortened T1. 


, two excstations). Lesions in left lobe are less perceptible and hypointense 


relative to liver. Motion-artifact suppression achieved by respiratory-ordered phase encading is less effective than that achieved by signal averaging (A). 
C, T2-weighted pulse sequence (TR = 2500 msec, TE = 70 msec, two excitations). Lesions are slightly hyperintense relative to liver. Anatomic image 


quality is degraded by relative loss of signal-to-noise ratio and motion artifacts. 


expected, T2 values for cyst (112 msec, SD = 19 msec) were 
significantly higher than for hemangioma (75 msec, SD = 18 
msec). There was some overlap of T2 values for hemangioma 
and metastatic disease (56 msec, SD = 20 msec), which may 
reflect in part some degree of biological variation. However, 
there was a significant difference between the mean values 
of these two entities. T1 values were characterized by signif- 


icant standard deviations. The wide range of determined 
values cast some doubt on the validity of the T1 values. 
Artifact suppression with temporal averaging (T1-weighted 
sequence) and respiratory-ordered phase encoding (proton- 
density-weighted and T2-weighted pulse sequences) was 
equivalent in one-half of the patients studied. In the remaining 
patients, T2-weighted and proton-density—weighted pulse se- 
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TABLE 3: Contrast-to-Noise Ratios of Focal Hepatic Lesions 





Phase: Pulse Sequence Contrast-to-Noise Ratio (mean + SD) 


(TR/TE/No. of 
Excitations) Cyst Hemangioma Tumor 
f: 
200/20/6 41+58 24+24 23418 
2500/25/2 3.6+ 3.9 47+14 35+3.1 
2500/70/2 85+6 10.0425 62+ 5.1 
1 (modified):? 
200/20/6 8.2 + 10.4 49+49 46+26 
2500/25/2 3.6 + 3.9 47+14 35+3.1 
2500/70/2 85+6 10.0425 6245.1 
Pada 
300/20/16 — 45+5 3.8+0.8 
2500/25/2 _ 60+56 2920.8 
2500/70/2 — 93+93 5921.1 


Reap a NEN NER RETESET TE E O a a NOE SE ac A NE TEE EN 

Note.-—TR (repetition time) and TE (echo time) are in milliseconds. In phase 
1, five, seven, and 19 patients, respectively, had cysts, hemangiomas, and 
tumors. in phase 2, two and 13 patients, respectively, had hemangiomas and 
tumors. 

* Modified to reflect equivalent imaging times. 

e With equivalent imaging times. 


TABLE 4: Relaxation Parameters in Normal and Diseased Liver 
N A SEIS RTS ATS I SOY SECA RENE aT TI IEE I NRT IE ES IT ESS LISTE GE oT Na 


Mean + SD (msec) 





T1 T2 
Normal liver 800 + 450 34 + 8 
Diseased liver 
Cyst 2218 + 2100 112 +19 
Hemangioma 2270 + 1000 75+ 18 
Tumor 1433 + 500 56 + 20 





quences resulted in superior artifact suppression in two-thirds 
and T1-weighted images in the remaining one-third. 


Discussion 


Major determinants of image contrast are relaxation-time 
differences between normal and abnormal tissue, pulse-se- 
quence parameters, and image artifacts [5, 6]. In our study, 
the mean calculated T1 and T2 values of normal liver and 
each type of focal lesion (cyst, hemangioma, tumor) differed 
significantly. However, the calculated T1 values of both nor- 
mal liver and focal lesions, although greater than those pre- 
viously documented in similar circumstances at 0.35 T [7], 
were markedly inconsistent and characterized by wide 
standard deviations of the average values. Thus, we did not 
believe that our data could be used to compare our findings 
with those of Bottomley et al. [2], who, from a literature 
review, indicated that T1 differences between tumor and 
normal liver decrease as magnetic-field strength increases. 
Uncertainties in the measurement of T1 values in vivo have 
been noted by other investigators who used more ideal pulse 
sequences in a canine experiment [3]. The calculated T2 
values, by comparison, were internaily consistent in each 
subgroup of patients and, with the sole exception of meta- 
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static disease, were characterized by relatively small standard 
deviations. This latter finding may be related to varying de- 
grees of tumor differentiation among the metastases exam- 
ined. Of interest, the T2 values of normal liver in our study 
(34 msec, SD = 8 msec) were lower than those recorded in 
prior studies that used a 0.35-T magnet (46 msec. SD = 8 
msec [7], and 56 msec, SD = 8 msec [8]). This lends some 
credence to the suggestion that the T2 of normal liver de- 
creases with increasing field strength because of the effect 
of static susceptibility. The calculated T2 values correlated 
well with the superior lesion detectability and contrast-to- 
noise ratios recorded on the T2-weighted pulse sequences. 
In comparison, there was no significant correlation between 
the calculated mean T1 values and the inferior performance 
of the Ti-weighted pulse sequence in terms of lesion detect- 
ability and calculated contrast-to-noise ratio. 

Artifacts affect image contrast. It has been observed an- 
ecdotally that body-wall artifacts appear to be more prominent 
at 1.5-T field strengths than at 0.6-T field strengths. Body- 
wall artifacts are due to motion of the anterior abdominal wail 
with respiration and can be reduced by fat-suppression tech- 
niques—for example, short-T1 inversion recovery (STIR) [9]: 
techniques that reorder the phase-encoding sequence in re- 
lation to the respiratory cycle [10]—respiratory-ordered 
phase encoding (ROPE) and Exorcist—by temporal averaging 
of multiple acquisitions [1]; and by specialized adaptive shap- 
ing of the gradient waveforms—motion-artifact suppression 
technique (MAST) [11]. 

In general, artifacts were worse on T1-weighted pulse 
sequences, which used temporal averaging, than on T2- 
weighted pulse sequences, which used respiratory-motion 
compensation. A good example of superior contrast and 
artifact suppression produced by the T2-weighted pulse se- 
quence is provided in Figures 1 and 2. The opposite effect is 
noted in the patients shown in Figures 3 and 4. In Figure 3, 
artifact suppression in all three pulse sequences is compara- 
ble, but the T1-weighted sequence produces superior con- 
trast. In this patient, the calculated T2 of normal liver was 38 
msec and that of focal lesions was 46 msec. Figure 4 shows 
how shortening of T1 that is associated with fatty liver im- 
proves lesion detectability on T1-weighted sequences. 

Possibly, the detectability of focal lesions with the T1- 
weighted puise sequence could have been improved by better 
artifact suppression than that achieved by temporal averag- 
ing. The presence of significant artifacts and degraded ana- 
tomic image quality may have obscured otherwise detectable 
lesions with significantly greater T1 values than adjacent 
normal liver. However, Figure 1 is an example of a T1- 
weighted sequence with significant artifacts in which lack of 
lesion contrast rather than overlying artifacts affects lesion 
detectability. This was a general finding noted throughout the 
study population. If respiratory-motion compensation were 
applied to the T1-weighted pulse sequence in conjunction 
with multiple excitations, it probably would not have resulted 
in any significant improvement in lesion detectability. 

Although the short-TE T1-weighted pulse sequence with 
multiple excitations is characterized by the best signal-to- 
noise ratio and anatomic resolution at 0.6 T [1], the technique 
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is limited by relatively inferior contrast discrimination and 
artifact suppression at 1.5 T. This result suggests that a 
significant change in imaging strategy is necessary when 
performing hepatic MR imaging at 1.5 T because lesion 
detection and characterization become dependent on long- 
TR pulse sequences, which results in relatively prolonged 
examination times. In addition, the relatively simple technique 
of temporal averaging appears less effective than the more 
complex process of respiratory-motion compensation, a tech- 
nique requiring placement of a respiratory monitor, additional 
electronic circuitry, and software. 

Fast-scan MR imaging techniques that use gradient-re- 
called echoes and variable flip angles have been developed 
recently [12] and applied to abdominal imaging [13]. Initial 
evaluation suggests that, with appropriate selection of TE 
and flip angle, T1- or T2-weighted fast-scan sequences pro- 
duce lesion contrast almost equivalent to that achieved with 
the more conventional spin-echo sequences. Loss of signal- 
to-noise ratio relative to standard spin-echo sequences re- 
flects both magnetic-field innomogeneity, which is no longer 
counteracted by a refocusing pulse, narrow flip angles (in T2- 
weighted sequences), and short TR. Nevertheless, an image 
sequence can be acquired during a single breath-hold, elimi- 
nating abdominal-wall motion artifacts due to respiratory mo- 
tion. 

We conclude that proton-density-weighted and T2- 
weighted pulse sequences with respiratory compensation are 
superior to T1-weighted pulse sequences with temporal av- 
eraging in the detection of focal hepatic disease at 1.5 T. 
Proton-density-weighted and T2-weighted pulse sequences 
should be the standard against which fast-scan MR imaging 
techniques at 1.5-T field strength should be evaluated. Pref- 
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erably, the fast-scan techniques should be T2-weighted to 
result in the best lesion contrast. 
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Ferrite-Enhanced MR Imaging of 
Hepatic Lymphoma: An Experimental 
Study in Rats 





The purpose of this investigation was to define the potential of unenhanced and 
ferrite-enhanced MR to detect hepatic lymphoma. Rats were implanted with diffuse and 
focal hepatic lymphoma. Both in vitro measurements of relaxation times and in vivo MR 
imaging of normal liver and of diffuse and focal hepatic lymphoma were compared. 
Diffuse infiltrative hepatic lymphoma showed increased T1 (45%) and T2 (41%) relaxa- 
tion times in vitro, but could not be distinguished from normal control livers on in vivo 
spin echo (SE) images with a repetition time of 500 msec and an echo time of 30 msec 
(SE 500/30) or SE 1500/60 images. Focal hepatic lymphoma showed increased T1 
(185%) and T2 (115%) relaxation times relative to normal liver tissue. Focal hepatic 
lymphoma was undetectable on unenhanced SE 500/30 MR images (contrast-to-noise 
ratio, C/N = 0.4) and was slightly hyperintense on SE 1500/60 images (C/N = 1.1). 
Ferrite (50 ¿mol Fe/kg) was administered to improve tissue contrast. In normal control 
animals, T2 of liver in vitro decreased from 29.3 + 3.3 msec to 11.1 + 1.2 msec, and 
image signal-to-noise ratio (S/N) of liver in vivo decreased from 16.1 + 2.4 to 2.8 + 0.3 
(p < .005). Ferrite-enhanced diffuse hepatic lymphoma showed in vitro T2 values and 
in vivo MR image S/N values indistinguishable from those of normal control animals. 
The T2 of focal hepatic lymphoma was essentially unaltered by ferrite. On SE 500/30 
images, focal hepatic lymphoma became readily detectable, quantitated by a 35-fold 
increase in tumor-liver C/N. 

We conclude that clinical studies are warranted to determine the value of ferrite 
enhanced MR as a technique for the enhanced detection of focal hepatic lymphoma. 


Controversy exists as to the value of MR imaging in diagnosing hepatic lym- 
phoma. A recent report [1] claims that calculation of relaxation times allows 
detection of disease not visible as a morphologic abnormality on MR images. 
Another study [2] emphasized the lack of reliability of in vivo determinations of 
relaxation time and found MR imaging to be insensitive in the detection of hepatic 
lymphoma. 

The purpose of our investigation was to define the potential of unenhanced and 
ferrite-enhanced MR to detect hepatic lymphoma. Animal models of focal and 
diffuse hepatic lymphoma were studied by using standard in vitro and in vivo MR 
techniques for tissue characterization. 


Materials and Methods 
Animal Models 


Lymphocytic lymphoma cells (WR6, EG&G Mason Research Institute, Worcester, MA) 
Suspended in serum were quick-thawed and injected subcutaneously into three 100-g male 
Wistar-Furth rats. After 21 days, a subcutaneous tumor measuring 2 x 2 cm was excised 
surgically, and lymphoma fragments were used as implants for induction of diffuse and focal 
hepatic lymphoma. 

Diffuse hepatic lymphoma was induced by subcutaneous trocar injection of 1-mm* tumor 
fragments into 28 rats. After 10-14 days, the lymphoma had grown to a 3- by 4-cm tumor 
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nodule. Systemic spread to the liver, spleen, and lymph nodes also 
had occurred by this time. The average survival time after implantation 
was 12-18 days; deaths were attributed to disseminated lymphoma. 

Focal hepatic lymphoma was induced by implanting 1-mm* tumor 
fragments directly into the liver of 12 rats via a 16-gauge trocar. 
Tumor fragments were harvested from a donor animal that had a 
subcutaneous lymphoma. The puncture site was sutured with 6-0 
catgut and sealed with a microfibrillar collagen hemostat (Avitene, 
Alcon, Puerto Rico) to minimize bleeding. The abdominal wall was 
closed with 2-0 silk sutures in two layers. 

Nineteen normal rats served as normal controls. Histologic speci- 
mens of hepatic tissue were fixed in formalin and stained with 
hematoxylin-eosin. In selected cases, Masson trichrome stains for 
collagen, Prussian biue stains for iron, and Giemsa stains were used. 


Ferrite Particles 


Superparamagnetic [3] polymer-coated ferrite particles with an 
average particle size of 100 nm were obtained from Advanced 
Magnetics, Inc., Cambridge, MA. Magnetic, biological, and toxicologic 
characteristics of ferrite particles have been described in detail (4, 
5]. Ferrite was used at a dose of 50 umol Fe/kg and was injected via 
the tail vein as a 1-mi bolus. 


In Vitro Measurements of Relaxation Time 


T1 and T2 values were obtained with an NMR spectrometer (PC- 
20 Minispec, IBM, Danbury, CT) operating at 0.47 T, corresponding 
to a proton resonance frequency of 20 MHz. T1 was measured from 
eight data points generated with an inversion-recovery pulse se- 
quence, and T2 was obtained from 10 data points generated with a 
Carr-Purcell-Meiboom-Gill pulse sequence. 

T1 and T2 measurements were performed on liver, focal hepatic 
lymphoma, subcutaneous lymphoma, spleen, and muscle. Tissue 
specimens were excised immediately after the rats were sacrificed 
by exsanguination, and 1-cm® samples were stored in a water bath 
at 37°C. All T1 and T2 measurements were performed within 1 hr of 
sacrifice. Previous studies in our laboratory have shown a linear 
decrease in T2 relaxation times to approximately 10 msec with 
increasing doses of ferrite from 0-50 „mol Fe/kg [6]. Unpublished 
results from our laboratory have shown that measurements of T2 
relaxation times below 10 msec are subject to significant systematic 
error. IV administration of ferrite decreases primarily T2, but also T1, 
relaxation times. The Results section focuses on the decrease of T2 
relaxation times, as it is the principal reason for the loss of in vivo 
MR signal intensity. 


In Vivo MR Imaging 


Experimental MR imaging was performed on a 0.6-T (25.1-MHz) 
Technicare superconducting magnet. Coronal and transverse mul- 
tislice images were obtained with a slice thickness of 4 mm and a 
192 x 256 matrix. By using a head coil with a field of view of 16 cm, 
pixel dimensions were 0.8 x 1.2 mm. Pulse sequences included a 
spin-echo (SE) pulse sequence with a repetition time (TR) of 500 
msec and an echo time (TE) of 30 msec averaging six acquisitions 
(SE 500/30) and an SE 1500/60 pulse sequence averaging two 
acquisitions. Anesthesized rats (intraperitoneal pentobarbital at a 
dose of 35 mg/kg) were imaged before and after administration of 
ferrite particles (SE 500/30) without changing their position in the 
imager. 

image analysis was performed by using operator-defined regions 
of interest to measure the signal intensities of liver, intrahepatic 
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lymphoma, and flank muscle [7]. The standard deviation of back- 
ground noise was measured in pixels by using a region of interest 
placed anterior to the animal, offset in the phase-encoding direction 
[7]. All signal intensities were standardized as the signal-to-noise 
ratio (S/N) [7]. Signal-intensity measurements of liver also were 
compared with muscle as the liver/muscle signal-intensity ratio. Mus- 
cle is a suitable reference tissue, as its signal intensity does not 
change after administration of ferrite. Contrast-to-noise ratios (C/N) 
between focal hepatic lymphoma and liver were calculated as the 
signal-difference-to-noise ratio: C/N = (Shesion — Shiver/N, where SI = 
signal intensity and N = standard deviation of background noise. 
C/N is an effective parameter for quantitating MR pulse-sequence 
performance, and the absolute magnitude of C/N, designated as | + 
C/N |, is known to correlate with lesion detectability [8]. Negative C/ 
N values indicate relatively hypointense (dark) pathology, and positive 
C/N values indicate relatively hyperintense (bright) pathology. Values 
near zero denote isointensity relative to liver. 

Statistical significance for differences in tissue relaxation times and 
C/Ns was Calculated by the Student t test [9]. 


Results 
Pathology 


Diffuse hepatic lymphoma was characterized by densely 
infiltrated portal triads (Fig. 1). The venous sinusoids also 
contained lymphoma cells; however, hepatocytes were not 
displaced, and the normal hepatic lobular architecture was 
intact. Sinusoidal macrophages were not displaced by lym- 
phoma cells. Tumor ceil histology was similar to human diffuse 
histiocytic non-Hodgkin lymphoma. 

Focal hepatic lymphoma formed large nodules 0.5-1.5 cm 
in size with well-defined borders (Fig. 2). Lymphoma cells also 
had diffusely infiltrated the venous sinusoids, again without 
altering the structure of the hepatic lobules. Histologically, 
this animal model resembled focal human lymphoma as found 
in non-Hodgkin lymphoma. 


In Vitro Measurements of Relaxation Time 


Normal control animals had liver T1 and T2 relaxation times 
of 293 + 26 msec and 29.3 + 3.3 msec, respectively (Table 
1). After administration of ferrite, the T2 of liver decreased to 
11.1 + 1.2 msec {p < .005). 

Diffuse hepatic lymphoma increased T1 (425 + 25 msec) 
and T2 (41.3 + 3.7 msec) values relative to normal contro! 
animals (p < .005) (Table 1). After administration of ferrite to 
rats with diffuse hepatic lymphoma, liver T2 values decreased 
to 12.6 + 1.8 msec. No difference existed between ferrite- 
enhanced T2 relaxation times of diffuse hepatic lymphoma 
(12.6 + 1.8 msec) and ferrite-enhanced T2 times for the livers 
of normal control animals (11.1 + 1.2 msec). 

Focal hepatic lymphoma showed T1 (835 + 32 msec) and 
T2 (63.1 + 3.1 msec) values that were longer than those of 
liver (p < .005) (Table 1). Liver T1 and T2 values were similar 
to those in diffuse hepatic lymphoma because of the diffuse 
infiltration of hepatic parenchyma with lymphoma cells origi- 
nating from the focal tumor. After injection of ferrite, the T2 
of liver decreased from 39.6 + 2.8 to 11.9 + 2.1 msec (p < 
.005). This decrease is similar to that seen in diffuse hepatic 
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Fig. 1.—Diffuse hepatic lymphoma (TR = 500 msec, TE = 30 msec). 

A, Unenhanced image shows homogeneous liver (L) and slightly enlarged spleen (S). 

B, After administration of ferrite, a profound signal loss occurs of the entire, diffusely infiltrated liver. 

C, Histopathologic specimen shows diffuse and extensive infiltration of periportal areas (P) (inset). Scattered lymphoma cells are present within hepatic 
sinusoids. 





Fig. 2.—Focal hepatic lymphoma (TR = 500 msec, TE = 30 msec). 

A, On the unenhanced image, tumor (T) and liver (L) are nearly indistin- 
guishable. 

B, After administration of ferrite, a signal loss occurs in liver, and the 
focal hepatic lymphoma becomes readily detectable. 

C, Coronal view. 

D, Histopathologic specimen shows tumor masses displacing (arrows) 
adjacent hepatic parenchyma. 
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lymphoma and normal control animals, indicating an unim- 
paired uptake of ferrite particles by hepatic macrophages. 
Unlike normal liver and liver diffusely infiltrated by lymphoma 
cells, focal lymphoma does not contain macrophages, and 
the T2 of focal hepatic lymphoma did not decrease after 
administration of ferrite (Table 1). 


In vivo MR Imaging 


Normal control animals showed a homogeneous and 
slightly hyperintense liver relative to muscle. With the SE 500/ 
30 pulse sequence, liver S/N was 16.1 + 2.4 and the liver/ 
muscle signal-intensity ratio was 1.36 + 0.05 (Table 2). On 
SE 1500/60 images liver S/N was 15.1 + 1.2 and the liver/ 
muscle signal-intensity ratio was 1.6 + 0.03. After administra- 
tion of ferrite, the liver became hypointense, and S/N de- 
creased to 2.8 + 0.3 (p < .005) on SE 500/30 images. The 
signal intensity of muscle did not change significantly (p > .1), 
and as a result the liver/muscle signal-intensity ratio de- 
creased to 0.18 + 0.02. 

Diffuse hepatic lymphoma also appeared slightly hyperin- 
tense relative to muscie on SE 500/30 images, corresponding 


TABLE 1: In Vitro T1 and T2 Relaxation Times Before and After 
Administration of Ferrite (50 umol Fe/kg) 





Relaxation Time (msec) 


Group 
T1 T2 

Control (normal liver) 

Precontrast (n = 7) 293 + 26 29.3 + 3.3 

Ferrite (n = 5) 171+ 12 11.1 +14.2 
Diffuse hepatic lymphoma 

Precontrast (n = 3) 425 + 25 4143+37 

Ferrite (n = 11) 197 + 34 12.6 + 1.8 
Focal hepatic lymphoma 

Precontrast (n = 3) 835 + 32 63.1 + 3.1 

Ferrite (n = 3) 780 + 34 §9.3+49 





WEISSLEDER ET AL. 


AJR:149, December 1987 


to a liver S/N ratio of 16.3 + 1.2 and a liver/muscle signal- 
intensity ratio of 1.25 + 0.17 (Table 2). Qualitatively and 
quantitatively, this pulse sequence failed to distinguish diffuse 
hepatic lymphoma from normal liver. However, with the SE 
1500/60 sequence, the liver S/N was 18.4 + 2.3, higher than 
in normal control animals (15.1 + 1.2). This increase in signal 
intensity is consistent with the in vitro data, which showed 
increased T2 in diffusely infiltrated livers. After administration 
of ferrite, the liver became hypointense relative to muscle on 
SE 500/30 images. Liver S/N ratios decreased to 3.5 + 0.8 
and liver/muscle signal-intensity ratios decreased to 0.32 + 
0.07 (Fig. 1). These imaging data are consistent with the in 
vitro finding that ferrite-enhanced T2 values in diffusely infil- 
trated livers and in the livers of normal control animals are 
undistinguishable. 

Focal lymphoma was undetectable on the SE 500/30 pulse 
sequence (C/N = 0.4) and was seen as a slightly hyperintense 
lesion (C/N = 1.1) on the SE 1500/60 sequence. The poor 
performance of unenhanced imaging techniques was consist- 
ent with the loss of lesion-liver T2 contrast shown by our in 
vitro data. The increased T2 of the focal lesion was offset by 
the increased T2 of adjacent, diffusely infiltrated liver tissue. 
After administration of ferrite, liver S/N decreased from 15.7 
+ 2.9 to 2.5 + 0.6, and the S/N of the focal tumor did not 
change (Table 2). As a result, lymphoma-liver C/N increased 
from 0.4 to 14.1. This 35-foid increase in lymphoma-liver 
contrast dramatically increased the conspicuity of focal lym- 
phoma (Fig. 2). These imaging data are consistent with our in 
vitro finding that administration of ferrite decreased the T2 of 
liver but had no effect on the T2 of focal lymphoma. 


Discussion 


Diffuse infiltration, often limited to periportal triads, is the 
most common presentation of hepatic lymphoma [10, 11]. 
The animal model of diffuse lymphoma used in this study 
reproduces the pathophysiology and histology of dissemi- 


TABLE 2: In Vivo Signal-to-Noise and Liver/Muscle Signal-intensity Ratios Before and After Administration of Ferrite (50 umol Fe/kg) 
SEERA GETS ERT I ST IIE TNE ISI ETE TE TERE LE ELE INI EIR OLEATE ELSE A ESE NE IIE ITE ONTO TEED SI IONS SITE IE INET EAE LED LEE RAINE ENE EAL IA LIAL ELANCE IIE DELETES DELLE ESE E NG ELEN | EDIGAIEMEA ENE ESLER ALLA INCL ENED NORE ALE LDOEE LEAL ERLE ENDED a a 


Signal-to-Noise Ratio 


Liver/Muscle Signal- 
intensity Ratio 


arrears ee ih nit iaaa aaa naana ai aaa aaan nannaa anaana aa. seneeethore lnAhhePrtedthepine herteetrrintey sates 


Group Focal Hepatic 
Liver Muscle 
pea aa pane ees etemmtenn SE 500/30 SE 1500/60 
SE 900/30 SE 1500/60 SE 500/30 SE 1500/60 SE 500/30 SE 1500/60 O 
Normal animals (n = 7) 
Precontrast 16.1 +24 15.141.2 ae — 18+21 94406 136+005 16+0.03 
Ferrite 2.8+0.3 — — ~— 15.8 + 3.4 — 0.18 + 0.02 — 
Diffuse hepatic lymphoma 
(n = 14) 
Precontrast 16.3412 184+23 ~=- —- 13.0224 84+174 1252+017 222001 
Ferrite 3.5+0.8 — — — 11.0+ 0.2 — 0.32 + 0.07 — 
Focal hepatic lymphoma 
(n = 6) 
Precontrast 165.7429 179428 161+1.0 204+31 108+09 91+16 1454016 20+0.09 
Ferrite 2.5+ 0.6 — 16.6 + 1.3 — 10.6 + 0.4 — 0.24 + 0.05 — 


‘Sa mn ee ei PRE PREDATES LORS NSPS SIDES SOIT OE EE AD E EN EEA EON a ENOL TCLS a ENE OT a A OE ETE LE ET E SLED E TT E OE E R E ER EL SSE AR a E E a a A E E e a 
Note.—SE 500/30 is a spin-echo (SE) sequence with a repetition time of 500 msec and echo time of 30 msec; SE 1500/60 has a repetition time of 1500 msec 
and echo time of 60 msec. A dash (~—-) means measurement was not obtained. 


AJR:149, December 1987 


nated lymphoma with extensive hepatic infiltration. Our in 
vitro data suggest that diffuse hepatic lymphoma can be 
detected by conventional MR imaging techniques, as T1 and 
T2 relaxation times of infiltrated livers are increased by 41- 
45% over normal. 

In vivo measurements of T1 and T2, obtained with pulse 
sequences and imaging systems in clinical use, generally 
show a wide variation and have been unreliable in the diag- 
nosis of hepatic disease [12]. The accuracy of T1 calculations 
can be improved by the use of a special saturation-recovery 
inversion-recovery pulse sequence [13]. Our in vitro data 
confirm the earlier in vivo findings of Richards et al. [1], who 
detected diffuse hepatic lymphoma as an increase in 11. 
Furthermore, our clinical experience has shown that T2- 
dependent image contrast may also be exploited for the 
diagnosis of lymphoma. Unfortunately, our data are equally 
consistent with the negative results of Weinreb et al. [2], who 
had difficulty detecting diffuse lymphoma by using conven- 
tional MR techniques. The modest increase in T1 and T2 
relative to biological variation and/or errors in measurement 
suggests that less extensive lymphomatous infiltration would 
be difficult to detect in vivo. 

We attempted to increase the sensitivity of MR in the 
detection of diffuse hepatic lymphoma by administering ferrite, 
a magnetically potent reticuloendothelial cell-specific MR con- 
trast agent. Previous investigations have shown that ferrite 
improves the detection of hepatic and splenic metastases 
[6, 14]. Our results show that diffuse hepatic lymphoma, 
confined to periportal triads and sinusoidal spaces, is not 
detectable by ferrite-enhanced MR. Histologic correlation sug- 
gests that the number of hepatic macrophages and their 
ability to phagocytose ferrite are unaffected by diffuse lym- 
phomatous infiltration. 

Focal lymphoma showed a 185% increase in T1 and a 
115% increase in T2 relaxation times relative to normal liver, 
consistent with one previously reported case detected by MR 
imaging [2]. In our clinical experience, we also occasionally 
have detected focal hepatic lymphoma by using conventional 
imaging techniques. Our experimental data suggest that in 
patients who have hepatic lymphoma, lesion-liver contrast 
may be reduced by the increase in T1 and T2 of adjacent liver 
caused by an associated component of diffuse hepatic infil- 
tration. 

As ferrite is equally effective in enhancing transverse relax- 
ation (T2) of diffusely infiltrated and normal liver tissue, but is 
excluded from focal deposits of lymphoma, it is not surprising 
that ferrite-enhanced MR shows increased focal lymphoma- 
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liver T2 contrast in vitro and increased C/N and lesion de- 
tectability in vivo (Fig. 1). Indeed, our MR experiments repro- 
duce the results of using reticuloendothelial agents, such as 
ethiodol oil emulsion [15] and radiopaque liposomes [16], in 
CT scanning of focal hepatic lymphoma. As ferrite appears to 
be equally effective and remarkably nontoxic [5], we expect 
ferrite-enhanced MR to become a valuable clinical technique 
for the detection of focal hepatic lymphoma. For detection of 
diffuse lymphoma, unenhanced scans and the best available 
technique for measurement of T1 should be attempted before 
administration of ferrite. 
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Videotape 
Review 





RSNA Today. Vol. 1, No. 2. Oak Brook, IL: The Radiological Society of North America, 1987. $75 


This is one in a series of “video digests” called RSNA Today. It is 
a magazine on videotape for radiologists and others interested in 
subjects pertaining to radiology. Like its more conventional counter- 
parts, it contains advertising, multiple subjects by multiple authors, 
and timelier topics than those found in books. 

This issue has five articles or topics. The first is a discussion of 
two methods of producing three-dimensional images of bones. This 
presentation makes excellent use of the videotape medium to display 
spectacular images of segments of the spine and the pelvis. The 
second topic is a roundtable discussion of laser cameras, with 
editorial comments about the shortcomings of conventional multifor- 
mat cameras. Although the information may be useful, it was a 
mistake to use the medium of videotape to present it. The third topic 
is malpractice and the radiologist. Two presentations are made, both 
of which use a roundtable discussion or a question-and-answer 
format. The topic itself is innately interesting to radiologists, but, 
again, the subject matter could have been presented on audiotape 
without any loss of timeliness or appeal. CT and plain film tomography 
in the workup of the solitary pulmonary nodule could not have been 
presented as a simple audiotape, but with the addition of slides, the 
topic could have been presented just as well. The final topic, laser- 
assisted percutaneous peripheral angioplasty makes optimal use of 
the videotape medium. It includes real-time images from angiograms, 


the laser technique, the angioplasty, and the follow-up angiograms. 
The information provided could never be shown as clearly with still- 
frame images or even the most descriptive prose. 

The discussions by radiologists are in stark contrast to the polished 
presentations in the commercials. If the videomagazine concept is to 
survive, the presenters must be skilled at television announcing, and 
the topics must lend themselves to the real-time videotape format. 
The producers would do well to take some tips from national network 
programs, such as “60 Minutes,” and be somewhat more controver- 
sial. For example, a classic topic would have been a debate such as 
those Drs. Marshak and Miller had about double- vs single-contrast 
colon examinations. If controversy is not to the producers’ tastes, 
then how about a test at the end of each topic, similar to the National 
Safe Driver's Test, in which all the possible answers are explained or 
demonstrated after each question. 

| consider Radiology Today a prototype and congratulate the 
producers on their effort. | think the concept of advertising to keep 
publishing costs down is acceptable and hope that, in the future, 
some of the professional methods of presentation will be shared 
between the advertisers and the producers. 


David. S. Martin 
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Hemangioma of the Liver: 
Heterogeneous Appearance on 
T2-Weighted Images 





We reviewed the gross photographs of 19 patients with hemangioma of the liver. On 
cut sections, all 19 tumors were inhomogeneous. In 17 cases (89%) there were areas 
of predominantly central fibrosis. Lobulations were present in 10 cases (53%). Areas of 
thrombosis (nine cases), calcification (four cases), and hemorrhage (four cases) were 
also present. We also reviewed 15 hemangiomas of the liver in 12 patients studied by 
MR imaging. Gross photographs and MR scans were available in three hemangiomas, 
thus allowing direct radiologic-pathologic correlation. Twelve (80%) of the hemangiomas 
were inhomogeneous on T2-weighted images and three (20%) were homogeneous. 
Other characteristics were sharp margins in all 15 cases (100%), lobulations in 11 cases 
(73%), peripheral location in 10 cases (67%), and internal septations in four cases 
(27%). 

We concluded that (1) hemangiomas of the liver are frequently inhomogeneous on 
cut sections; (2) heterogeneity in T2 images is commonly seen and should not exclude 
hemangioma; and (3) other signs, such as sharp margins, lobulated contour, and 
peripheral location, may be helpful in the MR diagnosis of hemangioma of the liver. 


Hemangioma is thought to be one of the most accurately diagnosed lesions of 
the liver. MR imaging has been described as being more sensitive than sonography, 
CT, nuclear medicine, or angiography [1-3]. Furthermore, the specificity of MR in 
the assessment of hemangioma of the liver has been reported to be equal to or to 
surpass CT [1, 3]. One of the major criteria used to distinguish hemangioma of the 
liver from other primary or secondary malignant liver tumors is its homogeneous 
hyperintensity on T2-weighted images [1, 3]. However, in the pathologic literature, 
the gross appearance of hemangioma of the liver on cut sections has been 
described as frequently inhomogeneous with evidence of thrombosis, necrosis, 
hemorrhage, fibrosis, and calcification [4, 5]. This apparent disparity between the 
described gross and MR characteristics of hemangioma of the liver prompted us 
to review the gross appearance of all cases of hemangioma of the liver collected 
in our files and to correlate the results with another 15 hemangiomas of the liver 
studied by MR imaging. The purpose of this study was to determine the reliability 
of T2 signal homogeneity as an MR sign for the diagnosis of hepatic hemangioma 
and to describe other possible diagnostic criteria observed when comparing the 
gross and MR appearances of hemangioma of the liver. 


Materials and Methods 


The records of 39 patients with hemangioma of the liver collected between 1965 and 1986 
were reviewed retrospectively. All cases were pathologically proved according to the accepted 
criteria for hemangioma: presence of vascular channels of variable size filled with RBCs and 
lined by a single layer of endothelium. In 19 cases there was a complete description of the 
gross appearance of the tumor and photographs of the gross specimen. These constitute 
the basis of the pathologic review. Particular note was made of the location of the tumor 
relative to the liver margin (that is, surrounded by normal liver or extending into the capsule), 
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sharpness of the tumor margin and possible presence of a capsule, 
and internal architecture of the tumor. Items noted as part of the 
internal architectural analysis included presence and form of fibrosis, 
presence of cystic spaces, thrombosis, hemorrhage, and calcification. 

We reviewed the MR studies of 15 hemangiomas of the liver in 12 
patients. There were no restrictive criteria for patient selection. Ten 
patients were studied in three different clinical institutions. The two 
other patients were referred to us for educational purposes and were 
routine cases as well. 

Tumors were resected in three of these patients, and the diagnosis 
was confirmed pathologically. These three hemangiomas were also 
included in the first part of the study, and the MR and gross findings 
were directly correlated. The diagnosis in five patients was based on 
other well-established imaging techniques (technetium-99m RBC 
scintigraphy in three cases and angiography in two cases). Correlation 
with clinical data (that is, normal liver function tests, absence of 
known malignancy) and stable follow-up evaluations of 1-2 years 
were the diagnostic criteria of hemangioma of the liver in the other 
three patients. A fine-needle biopsy performed in one patient was 
compatible with hemangioma. 

The MR studies were done on several different units and several 
field strengths were used: seven cases at 0.5 T, three cases at 0.35 
T, and one case at 0.3 T. 

Information about pulse sequences was available in 11 of the 12 
patients (one patient had two hemangiomas and another had three). 
In all cases, spin-echo (SE) T2-weighted images were obtained. They 
had a repetition time of 2000 msec and an echo time of 120 msec 
(SE 2000/120) in four cases, SE 2154/120 and SE 2000/70 in two 
cases each, and SE 2000/60, SE 2000/100, and SE 1600/120 in one 
case each. T1-weighted images were obtained by using an SE 
technique in five patients (SE 500/35 in two cases and SE 500/30, 
SE 600/26, and SE 700/33 in one case each) or inversion-recovery 
(IR) technique in six patients, with a repetition time of 1700 msec and 
inversion time of 400 msec (IR 1700/400) in three cases, IR 1595/ 
400 in two cases, and IR 1795/500 in one case. Tumor margin, 
location, and signal homogeneity were evaluated on T2-weighted 
images. 


Results 


All tumors had sharp margins and could be clearly distin- 
guished from normal liver, although none had a true capsule. 





ROS ET AL. 


AJR:149, December 1987 


The tumors ranged in size from 3.5 to 27 cm (average, 11.8 
cm). The contour was lobulated in 10 hemangiomas. Sixteen 
of the hemangiomas were peripheral in location, two were 
pedunculated, and only one was central. On cut sections, all 
tumors were inhomogeneous. Fibrosis, present in 17 cases, 
was predominantly central, with central fibrotic nodular areas 
in 13 cases and fibrotic strands or septa extending peripher- 
ally in 11 cases. Fibrotic septa contacting the edge of the 
tumor tended to create smooth lobulations in tumor contour 
(Fig. 1). There were areas of thrombosis in nine cases and 
areas of hemorrhage in four cases. The volume of tumor 
undergoing thrombosis or hemorrhage was variable, but such 
areas generally were easily perceived on examination of pho- 
tographs.of the gross specimen. Four tumors contained cystic 
Cavities filled with blood and/or gelatinous material. Calcifi- 
cation was detected in four cases. 

Fifteen hemangiomas of the liver in 12 patients were ana- 
lyzed by MR imaging. One patient had two tumors and 
another had three. Tumors ranged in size from 1 to 15 cm 
(average, 6 cm). All tumors had sharp margins allowing easy 
distinctiom between tumor and normal liver. Lobulation of a 
portion of the tumor margin was noted in 10 tumors and was 
present in the majority of tumors larger than 2 cm in greatest 
dimension. Lobulation was most noticeable at the interface 
between tumor and normal liver (Fig. 2). Ten of the heman- 
giomas were peripheral in location and five were central. An 
inhomogeneous MR appearance was seen in 12 of 15 cases 
(average size of inhomogeneous hemangiomas, 6.8 + 4.2 
cm). Nodular areas of decreased signal intensity within a 
hyperintemse tumor on T2-weighted images, the most com- 
mon pattern, was observed in 11 cases and was present in 
all tumors larger than 4 cm in greatest dimension (Fig. 3). 
Three hemangiomas smaller than 4 cm (measuring 3, 2, and 
1 cm) were also inhomogeneous. These areas corresponded 
in the three cases with direct MR-gross correlation to fibrosis. 
Septations of decreased signal intensity were present in four 
tumors. The septa corresponded to fibrotic strands in one 
patient in whom the tumor was resected. A homogeneous, 
hyperintense signal was noted in three cases (average size 


Fig. 1.—Photographs of two different right 
lobectomy specimens, cut section. 

A, Tumor has distinct margin separating it 
from normal liver. There is central fibrotic change 
in the form of nodules (solid arrows) and septa 
(open arrow). 

B, Septa of fibrosis extend to periphery of 
tumor, creating smooth contour lobulations of 
tumor margin (open arrows). Large nodules of 
fibrosis are present centrally (solid arrows). 
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Fig. 2.—MR appearance. 
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A and B, Unenhanced (A) and contrast-enhanced (B) CT scans. Large hemangioma of right lobe of liver showed peripheral isodense enhancement. 


Central portion of tumor is fibrotic and remains hypodense. 


C, T2-weighted MR image. In homogeneity of signal is present on both T1 and T2-weighted sequences. Central area of decreased signal (arrows). Note 


gentle lobulation of tumor contour dorsally and medially. 


Fig. 3.—MR appearance. 

A, Contrast-enhanced CT scan. Large heman- 
gioma of rignt lobe of liver with central nodule of 
decreased attenuation from fibrosis (arrow). 

B, T2-wesghted MR image. Hemangioma has 
inhomogeneous increase in signal, with central 
area of decreased signal (black arrow) corre- 
sponding pathologically to nodule of fibrosis. 
Region of increased signal centrally (white ar- 
row) is due to fluid-filled bowel. 


A 


of homogeneous hemangiomas, 3 + 1 cm). None of our cases 
had a peripheral halo of increased signal, as has been de- 
scribed in metastatic disease of the liver [6]. 


Discussicn 


Hemaneioma is the most common benign tumor of the liver, 
occurring in 0.4-7.3% of autopsies [5]. Since patients with 
hepatic hemangiomas are generally asymptomatic [5], the 
Clinical significance of these tumors arises from their confusion 
with other primary or secondary tumors of the liver, particu- 
larly in patients with known or suspected malignancy. 

Percuteneous thin-needle biopsy of hemangioma of the 
liver may be dangerous, and the material obtained—RBCs 
and endcthelial cells—may be nonspecific for a definitive 
diagnosis. Therefore, a reliable, noninvasive imaging tech- 





nique to diagnose hepatic hemangioma is desirable. Recent 
studies of hemangioma of the liver by MR imaging have 
matched or exceeded previously used imaging techniques in 
both sensitivity and specificity [1-3]. 

The main criteria for the diagnosis of hemangioma of the 
liver by MR imaging are based on the tumor’s appearance on 
T2-weighted SE pulse sequences. These criteria are homo- 
geneity and hyperintensity of the tumor relative to normal liver 
[1-3]. 

Our pathologic review demonstrates that hemangioma of 
the liver frequently undergoes fibrosis. The pathologic finding 
of tumor inhomogeneity was recapitulated in our review of 
hemangiomas of the liver by MR. However, it is pertinent to 
emphasize that small hemangiomas appear to be frequently 
homogeneous on T2-weighted images, as has been previ- 
ously reported [1]. This may be explained by the lack of 
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spatial resolution of our current MR units, the small size of 
the fibrotic zones in small tumors, and the slight increase of 
T2-weighting used as compared with a previous report [1]. 
Therefore, our findings may not be applicable to small heman- 
giomas, which are encountered more commonly in asympto- 
matic patients, since most hemangiomas are smaller than 2 
cm [5]. 

In conclusion, hemangioma of the liver is generally an 
inhomogeneous tumor on cut sections and frequently has 
areas of fibrosis. Therefore, inhomogeneity on T2-weighted 
images should not exclude hemangioma, particularly if it is 
larger than 2 cm. A sharp margin with lobulations and a 
peripheral location may be helpful signs in diagnosing heman- 
gioma of the liver by MR. 
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Case Report 





Focal Intrahepatic Extramedullary Hematopoiesis 
Mimicking Neoplasm 


M. David Wiener,’ Robert A. Halvorsen, Jr.,’ Robin T. Vollmer,” William L. Foster,’ and Leroy Roberts, Jr." 


Agnogenic myeloid metaplasia, or idiopathic myelofibrosis, 
is one of the myeloproliferative disorders in which fibrosis and 
osteosclerosis in the bone marrow are accompanied by extra- 
medullary hematopoiesis in multiple sites, including the liver, 
spleen, and lymph nodes. The disease has an insidious onset 
in late middle life and is characterized by progressive hepa- 
tosplenomegaly, anemia, and variable changes in the number 
of granulocytes and platelets. The classic radiographic mani- 
festations of agnogenic myeloid metaplasia are hepatosple- 
nomegaly and osteosclerosis [1, 2]. More recent reports, 
which include sonographic and CT studies, have shown en- 
larged abdominal and pelvic lymph nodes caused by extra- 
medullary hematopoiesis [3] and intracranial extramedullary 
hematopoiesis [4]. A case of focal intrahepatic extramedullary 
hematopoiesis mimicking neoplasm is presented. 


Case Report 


A 60-year-old man was admitted to the Durham Veteran's Admin- 
istration Hospital with a 3-day history of right upper quadrant abdom- 
inal pain, low-grade fever, and anorexia. Medical history was signifi- 
cant for agnogenic myeloid metaplasia diagnosed 18 months before 
admission. At that time he had presented with left lower extremity 
thrombophlebitis. Hepatosplenomegaly was noted on physical ex- 
amination and confirmed by °°"Tc-labeled sulfur-colloid liver-spleen 
scintigraphy, which showed no focal space-occupying lesions or shift 
of tracer to the bone marrow. Bone-marrow biopsy revealed a 5:1 
myeloid:erythroid ratio with fibrous marrow stroma consistent with 
myelofibrosis. 


Physical examination on this admission was remarkable for a 
cachetic, elderly man with an oral temperature of 100.7°F (38.2°C). 
His abdomen was nontender with an enlarged liver and spleen 
palpable 15 cm and 18 cm below the costal margin, respectively. 
Laboratory values included a hemoglobin of 16.7 g/dl, platelet count 
of 138 x 10°/mm*, WBC count of 54.9 x 10°/mm”, alkaline phospha- 
tase of 640 IU/I (reference value, 30-115), lactate dehydrogenase of 
565 U/I (reference value, 100-225), SGOT of 496 UJI (reference value, 
<40), SGPT of 391 UJI (reference value, <40), and total bilirubin of 
1.3 mg/dl (reference value, 0.2-1.2). 

Because of concern for possible Budd-Chiari syndrome, a hepatic 
venogram was obtained; its results were normal as were those of 
bilateral renal venograms. An abdominal sonogram showed hepato- 
splenomegaly with a large, inhomogeneous, solid mass within the 
right lobe of the liver (Fig. 1A). The spleen was normal in echotexture. 
Abdominal CT was performed; IV contrast enhancement was not 
used because of mild renal insufficiency. CT revealed a arge, multi- 
lobular, low-attenuation mass within the right lobe of the liver (Fig. 
1B) and a second, smaller, low-density mass within the left lobe. 
Liver-spleen scintigraphy confirmed the hepatosplenomegaly with a 
large photopenic area in the right lobe and a smaller photopenic lesion 
within the left lobe (Fig. 1C). Focal areas of decreased tracer activity 
were also noted within the spleen. 

Overall, the findings seemed to suggest hepatic neoplasm, either 
primary or secondary, with abscess being the less likely possibility. 
Percutaneous liver biopsy yielded only necrotic hepatic tissue. At 
laparotomy, the right hepatic mass was palpated and biopsied three 
times under direct visualization. Gross pathologic specimens revealed 
“soft atrophic tissue” with a microscopic diagnosis of abundant 
extramedullary hematopoiesis involving both sinus and portal areas 
(Fig. 1D). The patient died from pneumonia 3 weeks later. No autopsy 
was obtained. 
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Discussion 


Hepatosplenomegaly due to myeloid metaplasia is a hall- 
mark of myelofibrosis. While splenomegaly usually predomi- 
nates clinically, some degree of myeloid metaplasia is always 
present in the liver if the spleen is involved [5]. As is true in 
the spleen, in the liver the basic architecture is usually well 
preserved even though myeloid metaplasia may occupy 30% 
of the hepatic lobule. Although hematopoiesis becomes more 
immature with progression of the disease, neoplastic prolif- 
eration with destruction or invasion of the hepatic cords is 
never seen and fibrosis is minimal [6]. Although macroscopic 
nodular foci of hematopoietic cells are occasionally found on 
autopsy examination of the liver and spleen [7, 8], only two 
cases have been reported in which liver architecture was 
grossly distorted because of massive impaction of the sinus- 
oids with hematopoietic cells [7]. In two other cases, exten- 
sive necrosis and hemorrhage were due to viral hepatitis. 

Pathologically, other than the liver, spleen, and lymph 
nodes, reported sites of extramedullary hematopoiesis in- 
clude the kidney, adrenal glands, gastrointestinal tract, lung 
and pleura, heart, retroperitoneum, skin, breast, dura mater, 
ovary, epididymis, and thymus [6, 8]. The radiologic reports 
concerning agnogenic myeloid metaplasia have traditionally 
centered on the finding of osteosclerosis [1, 2], although 
hepatosplenomegaly and occasionally posterior mediastinal 
masses of extramedullary hematopoiesis have been found. A 
more recent report described two cases in which sonography 





Fig. 1.—A, Longitudinal static sonogram of 
right lobe of liver reveals large mass (arrows). 

B, CT shows multilobular mass within right 
lobe of liver. Second, smaller lesion within left 
lobe was seen on CT but is not seen on this 
image. 

C, Right anterior oblique image from *™Tc- 
labeled sulfur-colloid scintigram. Large photo- 
penic defect within right lobe of liver corre- 
sponds to mass on CT and sonogram. Smaller 
photopenic region is noted within left lobe. 

D, Representative photomicrograph from one 
of several biopsy specimens obtained at lapa- 
rotomy from right hepatic mass. Megakaryocyte 
(arrow) is present together with erythroid red- 
dish cell precursors (arrowheads) and eosino- 
philic myelocytes. 


and CT showed abdominal and pelvic hematopoietic adenop- 
athy in addition to hepatosplenomegaly and ascites [3]. CT 
has similarly documented intracranial extramedullary hema- 
topoiesis [4]. 

Radiologic demonstration of focal intrahepatic masses of 
extramedullary hematopoiesis has not, to our knowledge, 
been described previously. In the present case, the correct 
diagnosis was not considered; the preoperative diagnosis 
was hepatic neoplasm, either primary or secondary. With a 
nondiagnestic percutaneous biopsy, laparotomy was consid- 
ered necessary. 
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Case Report 


Calcification in Hepatocellular Carcinoma: Not Always an 
Indication of Fibrolamellar Histology 


Sharlene A. Teefey,"? David H. Stephens,' and Louis H. Weiland’? 


A distinct pathologic and clinical type of hepatocellular 
carcinoma (HCC), called fibrolamellar HCC, has been recog- 
nized during this decade [1-3]. This tumor differs from con- 
ventional HCC in several respects: it typically occurs in ado- 
lescents or young adults; it is not associated with known 
predisposing risk factors, such as cirrhosis or hepatitis; and 
it does not cause elevation of serum alpha-fetoprotein. Fibro- 
lamellar HCC is more likely to be resectable than is the usual 
form of HCC associated with cirrhosis, and it has a consid- 
erably better prognosis. There are practical reasons, there- 
fore, to differentiate fibrolamellar HCC from conventional 
HCC. 

In a recent report [2] based on a radiologic-pathologic 
correlation of 17 cases of fibrolamellar HCC, the presence of 
calcification within the tumor was considered to be the most 
important distinguishing radiologic feature, that is, calcification 
was common among the patients with fibrolamellar HCC but 
was not present in a group of patients with conventional HCC 
who were reviewed for comparison. In fact, the authors stated 
that a “review of cases of HCC in the Armed Forces Institute 
of Pathology Department of Radiologic Pathology showed no 
radiographically calcified HCCs that were not fibrolamellar.” 
After reviewing the literature, the authors further concluded 
that “the previously reported calcified primary hepatic malig- 
nancies in adults were either cholangiocarcinomas, mixed 
cholangiohepatocellular carcinomas, or hepatocellular carci- 
nomas in young, noncirrhotic adults. The latter probably were 
fibrolamellar HCCs.” The implication of these observations is 


that if calcification is found in an untreated HCC occurring in 
an adult, the tumor will most certainly be of the fibrolamellar 
variety. We report two cases of calcified hepatocellular car- 
cinoma that were not fibrolamellar. 


Case Report 


A 60-year-old man with a history of chronic alcohol abuse and 
cirrhosis presented with weight loss, malaise, fatigue, and hepato- 
megaly. Liver function tests were normal (alkaline phosphatase 529 
U/I and SGOT 116 U/I), and serum alpha-fetoprotein was markedly 
elevated (55250 ng/ml). CT showed a multicentric, hypodense, he- 
patic neoplasm involving both major lobes. Small foci of calcification 
were present in the superior aspect of the dominant mass in the right 
lobe (Fig. 1). Other findings included portal vein thrombosis, cirrhosis, 
and portal hypertension. An “unguided” percutaneous liver biopsy 
revealed micronodular cirrhosis, whereas sonographically guided fine- 
needle biopsy of the tumor showed an abundance of carcinoma cells 
with abundant eosinophilic cytoplasm. These did not have the deep 
eosinophilia of fibrolamellar HCC, nor was any layered fibrin present. 
Despite a course of chemotherapy, the patient died 6 months after 
the initial diagnosis. 


Discussion 


Several studies have described the finding of calcification 
in 3-25% of HCCs [4-7]. These reports do not indicate 
whether the calcified HCCs were fibrolamellar, and the re- 
corded information is not adequate to permit us to speculate 
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about what proportion of the tumors may have been of that 
type. A coauthor of two of the articles [5, 6] states that he 
has encountered calcification in several cases of ordinary- 
type HCC (Federle MP, personal communication). 

In a recent study of 35 patients with histologically proved 
HCCs that were examined by CT at our institution, four (11%) 
had tumors that contained calcification [6]. In the initial study, 
no attempt was made to classify these tumors according to 
histologic subtype. Subsequent review of the four cases 
revealed that two of the patients, a 24-year-old man and a 
30-year-old woman, had fibrolamellar HCC. The other two 
cases, which constitute the basis of this report, had neither 
Clinical nor pathologic characteristics of fibrolamellar HCC. 
Both of these patients were in their 60s. One patient had 
cirrhosis and an elevated serum alpha-fetoprotein. The other, 
while he did not have cirrhosis, had a neoplasm (Fig. 2) that 
did not have histologic features of fibrolamellar HCC. Thus, 
the fibrolamellar type of HCC accounted for only half of the 
four calcified tumors in our series of 35 HCCs. 

Our findings do not contradict the contention of Friedman 
et al. [2] that the presence of calcification in a primary hepatic 
neoplasm should alert the radiologist to the possibility of 
fibrolamellar HCC. In fact, our material adds further evidence 
that a considerably higher proportion of fibrolamellar HCCs 
undergo calcification than do conventional HCCs. A recent 
report [8] in which three of seven fibrolamellar HCCs were 
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Fig. 1.—60-year-old man with cirrhosis and 
an elevated serum alpha-fetoprotein. CT shows 
calcification in superior aspect of mass in right 
hepatic lobe (arrow). Final diagnosis was nonfi- 
brolamellar hepatocellular carcinoma. 


Fig. 2.—67-year-old man with nonfibrolamel- 
lar hepatocellular carcinoma. CT shows coarse 
calcific deposits centrally located in tumor (near 
tip of biopsy needle). 


found to contain calcification provides additional corrobora- 
tion. Nevertheless, although it may be relatively infrequent, 
calcification does occur in nonfibrolamellar HCCs, and these 
tumors are far more common than are those of the fibrola- 
mellar variety. 
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Case Report 





Emphysematous Cholecystitis Presenting with 
Pneumoperitoneum 


D. Randall Radin’ and James M. Halls 


Emphysematous cholecystitis is an uncommon form of 
acute cholecystitis that is characterized radiographically by 
the presence of gas in the lumen and/or wall of the gallbladder 
[1]. It differs from acute cholecystitis in its greater relative 
frequency in men and diabetics and in its graver prognosis. 
Ischemia is believed to be a more important pathogenetic 
factor than cholelithiasis. Rarely, gas also is seen in the bile 
ducts, indicating patency of the cystic duct. If perforation of 
the gallbladder occurs, gas may be seen in a pericholecystic 
abscess. To our knowledge, however, the presence of free 
intraperitoneal gas as a complication of emphysematous cho- 
lecystitis has not yet been reported in the radiologic literature. 


Case Report 


A 69-year-old man with a 17-year history of diabetes mellitus 
complained of abdominal pain, nausea, and vomiting of 1 day’s 
duration. He was afebrile, lethargic, and dehydrated. His abdomen 
was nontender, but bowel sounds were diminished. His WBC count 
was 8400/uI. An erect frontal chest radiograph showed a right pleural 
effusion, elevation of the right side of the diaphragm, and free gas 
under both sides of the diaphragm (Fig. 1A). An abdominal radiograph 
obtained with the patient in the left lateral decubitus position revealed 
the presence of gas in the lumen and wall of the gallbladder as well 
as free gas in the peritoneal cavity (Fig. 1B). The stomach and 
duodenum appeared normal on upper gastrointestinal series per- 
formed with water-soluble contrast material; no extravasation or 
fistula was seen. At celiotomy, several small calculi were found within 
a perforated gangrenous emphysematous gallbladder. Purulent ma- 
terial was present in the right upper quadrant of the abdomen and in 


the pelvis. Pathologic examination of the resected gallbladder con- 
firmed the diagnosis of gangrenous cholecystitis. A culture of the 
pericholecystic pus yielded Clostridium perfringens. The patient made 
an uneventful recovery. 


Discussion 


Seven other cases of emphysematous cholecystitis pre- 
senting with pneumoperitoneum were found in our review of 
the literature [2-8]. Clinically, these eight patients were similar 
to other patients with emphysematous cholecystitis [1]. The 
average age was 73 years (range, 59-86 years); six patients 
were men, and two were women. Half of the patients were 
diabetic. Each patient presented with right upper quadrant 
abdominal pain, but fever and leukocytosis were present in 
only 50%. Radiography showed gas in the lumen and wall of 
the gallbladder in seven of the eight patients. In one patient, 
however, no mural or luminal gas was seen on radiographs 
obtained less than 3 hr before surgery, even though intralu- 
minal gas was detected at surgery [2]. Gallstones were 
present in five patients. No perforation or abscess was found 
in three of the eight patients. In six patients, the offending 
organism was Clostridium perfringens or Clostridium welchii. 
The mortality rate was 25%. 

In view of the high mortality, awareness of emphysematous 
cholecystitis as a cause of pneumoperitoneum is important 
so that treatment will not be delayed. Patients with pneumo- 
peritoneum, fever, and leuckocytosis frequently go directly to 
surgery. However, when pneumoperitoneum is detected in a 


ee mc get tt I ODA ARG ALLE AERATED LAA AAC 


Received July 8, 1987; accepted July 24, 1987. 


1 Both authors: Department of Radiology, Los Angeles County-USC Medical Center, University of Southern California School of Medicine, 1200 N. State St., 


Los Angeles, CA 90033. Address reprint requests to D. R. Radin. 


AJR 149:1175-1176, December 1987 0361-803X/87/1496-1175 © American Roentgen Ray Society 


1176 RADIN AND HALLS AJR:149, December 1987 





patient whose temperature and WBC count are normal, it is 
likely that contrast studies of the gastrointestinal tract will be 
obtained. If no abnormality is seen, a nonsurgical cause of 
pneumoperitoneum [9] may be suspected and treatment may 
be delayed. In most cases, this pitfall can be avoided by 
careful inspection of the abdominal radiograph. In the rare 
case in which intramural and intraluminal cholecystic gas is 
not apparent on the plain film [2], CT may establish the 
diagnosis. 
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Right Lower Quadrant Pain in the 
Immunocompromised Patient: CT 
Findings in 10 Cases 





Ten immunosuppressed patients with right lower quadrant pain were examined by 
CT. Underlying conditions responsible for immunosuppression included acute myelo- 
genous leukemia (n = 2), acute lymphocytic leukemia (n = 2), aplastic anemia (n = 2), 
AIDS (n = 3), and cystic fibrosis combined with prolonged steroid therapy for broncho- 
spasm (n = 1). CT suggested the diagnosis of typhlitis (n = 7), intramural hemorrhage 
(n = 1), ileal perforation (n = 1), and appendiceal abscess (n = 1). The diagnosis of 
typhlitis was established by clinical evaluation in five patients, by colonoscopy in one 
patient, and by autopsy in another patient. The single cases of intestinal hemorrhage, 
ileal perforation, and appendiceal abscess were confirmed by exploratory laparotomy. 

It is difficult to make an accurate diagnosis of acute abdominal conditions in the 
immunosuppressed patient. Symptoms and physical findings are often suppressed as 
a result of steroid or immunosuppressive therapy. CT, being noninvasive, is useful in 
the evaluation of persistent right lower quadrant pain in the immunocompromised patient. 


Various lesions affecting different segments of the gastrointestinal tract have 
been reported in the immunocompromised host [1-7]. Many of these pathologic 
processes occur in the right lower quadrant, with the cecum, distal small bowel, 
and appendix being the major sites of predilection [1]. In this setting, right lower 
quadrant pain may be due to various causes including diverticulitis, pelvic abscess, 
appendicitis, pseudomembranous colitis, intestinal hemorrhage, and typhlitis. Dis- 
tinguishing between these different entities is difficult since they may have similar 
presentations. Moreover, symptoms and signs helpful in diagnosis are often sup- 
pressed by steroids and chemotherapy. Plain abdominal radiographs generally are 
of little value in distinguishing among the various diagnostic possibilities. Barium 
enema examinations may be contraindicated because of the risk of intestinal 
perforation [5]. CT is a noninvasive technique that can be useful in distinguishing 
patients who can be managed conservatively from those who need surgery. 


Materials and Methods 


Ten immunosuppressed patients with right lower quadrant pain and tenderness, fever, 
and/or diarrhea were examined by CT. There were seven men and three women ranging in 
age from 7 to 33 years (average age, 20 years). Immunosuppression was due to chemother- 
apy for acute myelogenous leukemia (n = 2), acute lymphocytic leukemia (n = 2), aplastic 
anemia (n = 2), AIDS (n = 3), and cystic fibrosis with steroid therapy for bronchospasm (n = 
1). All four patients with leukemia were in relapse, as indicated by the presence of leukemic 
cells in bone-marrow aspirates. The chemotherapeutic agents used in treating the patients 
with leukemia included prednisone, methotrexate, cyclophosphamide (Cytoxan), vincristine 
sulfate (Oncovin), mercaptopurine (Purinethol), and daunorubicin. 

Because of uncertainty about the clinical diagnosis, abdominal CT examinations were 
requested and, in two patients, sonography was done before CT. A barium enema was 
performed in one patient. The diagnosis of typhlitis was established in seven of the 10 
patients: by clinical evaluation in five, by colonoscopy in one, and by autopsy in one. The 
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single cases of intestinal hemorrhage, ileal perforation, and appendi- 
ceal abscess were confirmed by exploratory laparotomy. 

CT scans were performed on either a Siemens Somaton DR3 or a 
GE-8800 scanner with scanning techniques of 3.2 sec, 125 kVp, 230 
mAs, and 8-mm collimation; or 9.6 sec, 120 kVp, 450 mAs, and 10- 
mm collimation, respectively. Scans were obtained at 1- to 1.5-cm 
intervals from the diaphragm to the symphysis pubis with additional 
scans as needed. All patients except one were given 500 ml of a 
flavored solution of 3% Hypaque 1 hr before the Study; then an 
additional 250 ml were given just before the study. IV contrast 
material was routinely used unless contraindicated by the patient's 
Clinical history. 


Fig. 1.—Spectrum of findings in typhlitis. 
A, Diffuse cecal wall thickening. 
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Results 


CT examinations in the seven patients with typhlitis showed 
symmetric cecal-wall thickening averaging 10 mm (range, 8- 
16 mm), with an associated soft-tissue mass in three patients 
(Fig. 1). Pericecal inflammation was noted in all cases. CT 
performed in the patient with intestinal hemorrhage showed 
a thickened loop of small bowel in the right lower quadrant, 
with areas of increased attenuation within the wall (Fig. 2). In 
the patient with ileal perforation caused by Histoplasma cap- 
sulatum, CT showed a soft-tissue mass with extraluminal air 





B, Marked concentric mural thickening of cecum with narrowing of opacified lumen (solid arrow). Pericolonic inflammatory changes are also noted 


(Open arrows). 
C, Eccentric soft-tissue mass posterior to cecum. 





Fig. 2.—Iintramural hemorrhage. CT shows a 
markedly thickened loop of small bowel. Intra- 
mural areas of high density (100-200 H) were 
consistent with hemorrhage. Exploratory lapa- 
rotomy confirmed hemorrhagic infarction of the 
distal 15 cm of ileum. 


Fig. 3.—lleal perforation caused by histoplas- 
mosis infiltration of bowel wall. Abdominal CT in a 
34-year-old man with AIDS shows a right-sided 
inflammatory mass (open arrows) with extralu- 
minal air (solid arrow). Note also ascites and mes- 
enteric adenopathy. Exploratory laparotomy re- 
vealed a 3-mm perforation in the ileum. 





Fig. 4.—Abdominal CT in a patient with cystic 
fibrosis on chronic steroid therapy shows a per- 
icecal inflammatory mass (arrows). An appen- 
diceal abscess was found at surgery. 
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(Fig. 3). In the remaining patient, who had an appendiceal 
abscess, a pericecal mass was seen on CT (Fig. 4). 

Combined with the patients’ clinical histories, the imaging 
studies suggested the correct diagnosis in every case. The 
seven patients with typhlitis were treated conservatively with 
antibiotics, while the other three underwent exploratory lap- 
arotomy. Three of the patients with typhlitis, including the two 
with AIDS, died within 6 weeks of admission. 


Discussion 


The usefulmess of CT in the evaluation of patients with 
suspected right lower quadrant inflammatory disease has 
recently been reviewed by Scatarige et al. [8]. The spectrum 
of pathologic findings in their series included appendicitis, 
diverticulitis, Crohn disease, and cecal carcinoma. They found 
that CT characterization of the inflammatory process corre- 
lated closely with surgical findings. While some reports have 
focused on the various manifestations of opportunistic infec- 
tions on plain films and barium studies [5, 6], little attention 
has been given to the applicability of CT in the diagnosis of 
acute abdominal pain in the immunocompromised host. 

The varying gastrointestinal complications involving the 
right lower quadrant in the immunocompromised patient in- 
clude inflammation and/or necrosis of the ileum, appendix, 
and cecum [1-7]. Referring to leukemic patients, Bierman 
and Amronin [1] coined the term “ileocecal syndrome” to 
describe these abdominal complications. A more precise lo- 
calization of the enteric complications is reflected in the term 
“typhlitis,” which means inflammation of the cecum. Although 
described initially as a complication of leukemia, typhlitis 
subsequently has been associated with lymphoma [2], aplas- 
tic anemia [3], and the immunosuppression that occurs after 
renal transplantation [4]. 

In our study, in addition to five patients with leukemia and 
aplastic anemia, typhlitis was diagnosed in two patients with 
AIDS. The common denominator in all seven cases was 
severe neutrepenia, with total neutrophil counts of less than 
1000/mm*. Balthazar et al. [6] have described the radio- 
graphic findings of cytomegalovirus colitis in 11 patients with 
AIDS, three of whom had cecal involvement (typhlitis) exclu- 
sively. In the surgical literature, typhlitis has not been part of 
the intraabdominal pathology encountered in the AIDS patient. 
Of 29 patients with abdominal pain reviewed in one series, 
12 had infectious diarrhea from a variety of organisms, eight 
were diagnosed as having ileus or organomegaly, and nine 
had miscellaneous causes for their pain [9]. In a series of 
case reports of five AIDS patients, Potter et al. [10] describe 
a similar experience. Although encountered infrequently, typh- 
litis should be considered in the differential diagnosis of ab- 
dominal pain in the AIDS patient. 

As noted by others [11], the recognition on CT of a trans- 
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mural inflammatory process, in the appropriate clinical setting, 
is highly suggestive of typhlitis. However, the specificity is 
low because the finding can be simulated by other disorders 
that result in bowel-wall thickening. Leukemic infiltration of 
the bowel, diverticulitis, intramural hemorrhage, ischemic co- 
litis, segmental pseudomembranous colitis, and appendicitis 
should be included in the differential diagnosis. The cistinction 
between typhlitis and isolated proximal colonic involvement 
in pseudomembranous colitis may prove difficult, particularly 
since antibiotics are used liberally in the immunocompromised 
patient. Both disorders share the clinical features of fever, 
abdominal pain, and diarrhea. Helpful differentiating radio- 
graphic features include the presence of pericolonic inflam- 
matory changes, absence of ascites, and increased frequency 
of pneumatosis and subsequent perforation in typhlitis. Such 
features are unusual in pseudomembranous Colitis [12]. 

In summary, the immunocompromised patient with right 
lower quadrant pain often poses a diagnostic dilemma be- 
cause of the multitude of pathologic processes occurring in 
many organs and the suppression of symptoms and signs 
that occurs with steroid and immunosuppressive therapy. 
This group of patients is susceptible to the sequelae of their 
underlying disease as well as to treatment-related complica- 
tions. Plain films and contrast studies are often normal or 
nonspecific. CT can be helpful in the differential diagnosis of 
the multiple causes of right lower pain in this clinical setting. 
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Exercises in Radiological Diagnosis. By Pankaj Joshi and Cecilia Freed. Boston: Butterworth, 151 pp., 1987. 


$27.95 


The primary method by which radiologists learn to interpret images 
is by studying those encountered in daily work, teaching files, case 
conferences, and publications. The radiologic and imaging literature 
thus consists largely of reference works that teach facts that are 
essential to all imaging practice. A clear role exists also for books 
that consist of abnormal images, which must be interpreted by the 
reader, and discussions of the cases depicted. To be an effective 
casebook, the images must depict the abnormality clearly, and the 
discussions must be correct and informative. 

In this context, this concise volume by Joshi and Freed emphasizes 
brevity, directness, and, especially, pattern recognition of specific 
radiologic abnormalities. The emphasis is strongly on classic plain 
films, with some sonograms and CT scans of the abdomen. Selec- 
tions of images for analysis cover cardiac, pulmonary, bone, renal, 
and gastrointestinal areas, with a few plain films of the skull. 

The best coverage appears to be in the area of congenital cardiac 
abnormalities, since the ratio of cases to possible diagnoses is far 
greater in this sphere than in any other specialty or subspecialty of 
imaging. The greatest number of cases are of pulmonary abnormali- 
ties, but the range of possible abnormalities is far greater for pulmo- 
nary disease than for congenital cardiac disease. Other areas are 
covered far less comprehensively. 

The volume is divided into question-and-answer sections, and the 
order of the cases is random, so the book can be used in any 
particular order or for any length of time. Thus the material can be 
studied during brief pauses in other activities. 

The intended audience consists of medical students and physicians 
who are not radiologists, and the format apparently is structured to 
resemble questions in the internal medicine examination given in the 
United Kingdom. The volume appears most successful for that audi- 
ence, but it may be useful to junior residents in radiology who are 
anxious early in their training to see classic abnormalities. 

Most of the images are of adequate or better quality. The book 
contains several excellent, classic abnormalities that the authors 
apparently intend the reader to recognize and remember. Many of 


the pulmonary abnormalities are poorly shown; close-up views would 
have been necessary for appreciation of the abnormal parenchymal 
patterns subsequently described. 

The case discussions are too brief to be useful as anything more 
than answers to the question cases. Other sources must be sought 
for a description of any disease depicted. Differential diagnoses are 
listed and discussed extremely briefly. With such brevity, it is most 
unfortunate that the book has no bibliography, references, or sug- 
gestions of sources for further study. If, as is likely for medical 
students, an unfamiliar disease entity is encountered, the reader 
would then have to seek out a reference work or textbook. 

One striking difference exists between this volume and similar 
exercise books, such as the superb series edited by Lucy Squire. In 
many of the cases, history and background information are deem- 
phasized in favor of finding the imaging abnormalities. This approach 
encourages the habit of getting all the possible information from the 
films, rather than being directed by the clinical information. Thus, the 
reader learns to study images as a primary responsibility, a role that 
has been subjugated by the emphasis in recent years on clinical 
relevance and efficacy. This “throwback” is somewhat refreshing, but 
only if it is used in the context of the clinical orientation of more 
“modern” works. 

Exercises in Radiological Diagnosis is thus a charming little addition 
to the literature on imaging. It provides a nice break in the intense 
workday and contains some images worth remembering. As it is 
worth, at most, only a few hours of anyone's time, | cannot recom- 
mend purchasing it. The library of a radiology department might want 
to have one to lend to medical students, house staff who are not 
radiologists, and neophyte radiologists who are in need of a minimal 
education in classic radiology and a brief diversion. 
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Endovaginal Sonographic 
Evaluation of Ectopic Pregnancy: 
A Prospective Study 





To determine the value of endovaginal sonography for evaluating women with a 
suspected ectopic gestation, we prospectively studied a group of 84 pregnant women 
in whom conventional transabdominal sonograms failed to show a living embryo. Of 84 
patients studied, 25 had an ectopic gestation, 32 had a normal intrauterine pregnancy, 
and 27 had an abnormal (nonviable) intrauterine pregnancy. Endovaginal sonography, 
compared with transabdominal sonography, provided additional information in 50 cases 
(60%) and less information in only three cases (4%). Of 25 ectopic gestations, endovag- 
inal sonography provided new information in 15 cases (60%) including detection of an 
extrauterine gestational sac (10 cases), extrauterine embryo (two cases), or adnexal 
mass (three cases) not observed on transabdominal sonography. Of 32 normal intra- 
uterine pregnancies, endovaginal sonography provided additional information in 26 
cases (81%) including detection of a yolk sac (14 cases), living embryo (11 cases), or 
small gestational sac (one case) not seen on transabdominal sonography. Of 27 abnor- 
mal intrauterine pregnancies, endovaginal sonography showed additional information in 
nine cases (33%) including detection of embryonic demise (three cases), retained 
intrauterine products (four cases), or a yolk sac (two cases) not seen on transabdominal 
sonography. Patient acceptance of endovaginal sonography was excellent; 82% of the 
patients preferred this method to transabdominal sonography, 13% expressed no 
preference, and 5% preferred transabdominal sonography. 

We conclude that endovaginal sonography can provide significant additional infor- 
mation in the majority of women who are referred for sonography with a suspected 
ectopic gestation. We believe that this method should become a integral part of 
sonographic evaluation in women who are suspected of having an ectopic gestation 
when conventional transabdominal sonography fails to show a living embryo. 


Endovaginal sonography has recently emerged as a promising new method for 
evaluating the female pelvis. In their original description of this technique in 1984- 
1985, Schwimer and Lebovic found that endovaginal sonography was useful for 
detecting and monitoring ovarian follicles in infertile women [1, 2]. Advantages of 
endovaginal sonography that were cited included avoidance of subcutaneous fat, 
optimal placement of the region of interest in the focal zone of the transducer, and 
the ability to scan when the patient’s urinary bladder is empty [1, 2]. Placement of 
the transducer nearer to the region of interest has also permitted use of higher 
frequency transducers than those used in conventional transabdominal sonogra- 
phy. Development of dedicated endovaginal sonography transducers has made the 
study easier to perform and more acceptable to the patient. 

In addition to monitoring ovarian follicle growth, endovaginal sonography has 
been used for a growing number of other clinical applications. Evaluation of 
complicated early pregnancies appears to be a particularly useful application of this 
technique; our early experience, as well as the experience of others [3, 4], suggests 
that endovaginal sonography can identify both early intrauterine pregnancies and 
ectopic gestations more reliably than can transabdominal sonography. However, a 
formal study of endovaginal sonography in the evaluation of ectopic pregnancies 
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has not been reported. The purpose of the present study is 
to report our experience with endovaginal sonography in 
evaluating women with suspected ectopic pregnancies and 
to compare the information obtained from this technique with 
information obtained from transabdominal sonography. 


Materials and Methods 


During a 7-month period (September 1986 to March 1987), we 
prospectively studied 84 women who were referred for pelvic sonog- 
raphy with a primary clinical indication of suspected ectopic preg- 
nancy and whose conventional transabdominal sonograms showed 
neither an intrauterine nor an extrauterine living embryo. All women 
had positive pregnancy tests; women with negative pregnancy tests, 
determined by qualitative or quantitative serum human-chorionic- 
gonadotropin (HCG) assays, were excluded from this study. 

In each case, transabdominal sonograms were performed with 
commercially available real-time sonographic systems (3.5 and 5.0 
MHz) on patients whose urinary bladders were moderately distended. 
Sonographic findings obtained by transabdominal sonography were 
recorded. Patients whose sonograms showed either an intrauterine 
or an extrauterine embryo on transabdominal sonography were ex- 
cluded from further study and did not undergo endovaginal sonog- 
raphy. For the remaining patients, after the patient voided, endovag- 
inal sonography was performed by using one of three different 
endocavitary systems (General Electric R/T 3000 and R/T 3600, 5 
MHz; Advanced Technology Laboratory UM4, 5.0 MHz; or Philips 
1550, 5.0 and 7.5 MHz). Sonographic findings from endovaginal 
sonography were recorded. In addition, each patient was asked which 
of the two methods she preferred and her response was recorded. 
At the completion of the study, information obtained from endovaginal 
sonography was compared with information obtained from transab- 
dominal sonography. 

Clinical outcome was categorized as an ectopic pregnancy, a 
normal intrauterine pregnancy, or an abnormal intrauterine pregnancy 
(blighted ovum, missed abortion, incomplete or recently completed 
spontaneous abortion, or subsequent spontaneous abortion). All 
ectopic gestations were surgically proved; normal intrauterine preg- 
nancies showed normal growth and development of a living fetus on 
follow-up sonograms and/or on clinical evaluation; abnormal intra- 
uterine pregnancies were diagnosed by failure of normal growth and 
development, usually supported by declining serial HCG levels. No 
patient was lost to clinical follow-up. 





NYBERG ET AL. 


AJR:149, December 1987 


Results 


Of the 84 patients studied, 25 proved to have an ectopic 
pregnancy, 32 had a normal intrauterine pregnancy, and 27 
had an abnormal (nonviable) intrauterine pregnancy. Of the 
25 patients with an ectopic pregnancy, endovaginal sonog- 
raphy, compared with transabdominal sonography, provided 
additional information in 15 cases (60%), similar information 
in eight cases (32%), and less information in two cases (8%). 
Of the 15 cases in which endovaginal sonography provided 
additional information, 10 had a saclike structure consistent 
with an extrauterine gestational sac. These extrauterine sacs 
were seen as round fluid collections surrounded by a thick 
echogenic ring (Fig. 1). In each case, the site and size of the 
Sac corresponded to the ectopic gestation found at surgery. 
In one case, a repeat sonogram 5 days later showed interval 
enlargement of the sac, commensurate with a corresponding 
rise in quantitative HCG levels (Fig. 2). The only false-positive 
diagnosis of an extrauterine saclike structure was also seen 
on transabdominal sonography and appeared atypical on 
endovaginal sonography. An intrauterine pregnancy was also 
present in this case, making a simultaneous extrauterine 
gestation statistically unlikely (Fig. 3). 

Of the five remaining ectopic pregnancies for which endo- 
vaginal sonography provided additional findings, two had an 
extrauterine embryo (both nonviable) that was not prospec- 
tively identified on transabdominal sonography, two showed 
an adnexal mass not previously appreciated, and one showed 
improved characterization of an adnexal mass representing a 
hematosalpinx (Fig. 4). Endovaginal sonography frequently 
showed small amounts of fluid in the pelvic cul-de-sac that 
had not been seen on transabdominal sonography, but these 
findings were not included as significant new information in 
our analysis. 

Endovaginal sonography provided less information than 
transabdominal sonography in two cases of ectopic preg- 
nancy, including one case in which the extent of a large 
hemoperitoneum was not appreciated and another case in 
which an adnexal mass was not visualized. 


Fig. 1.—Ectopic gestation. 

A, Transabdominal sonogram in transverse 
plane shows ill-defined cystic mass in right ad- 
nexa (arrows). U = uterus, B = bladder, O = 
ovary. 

B, Endovaginal sonogram of right adnexa 
shows round fluid collection surrounded by thick 
echogenic ring (arrows), consistent with extra- 
uterine gestational sac. Echogenic intraperito- 
neal fluid (F) suggests hemoperitoneum. Right 
ectopic gestation and hemoperitoneum were 
confirmed at surgery. 
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Fig. 2.—Ectopic gestation. 

A, Transabdominal sonogram in an infertility patient with mild right pelvic 
discomfort shows empty uterus (U) and right ovarian cyst (C). O = ovary, 
B = bladder. 

B, Endovaginal sonogram shows saclike structure (arrows) between the 
uterus (U) and ovarian cyst (C). 


Of the 32 patients with normal intrauterine pregnancy, 
endovaginal sonography, compared with transabdominal so- 
nography, provided additional information in 26 cases (81%), 
similar information (although usually with increased clarity) in 
five cases (16%), and less information in one case (3%). Of 
the 26 intrauterine pregnancies in which endovaginal sonog- 
raphy provided additional information, a yolk sac was seen in 
14 (Fig. 5), a living embryo was shown in 11 (Fig. 5), and a 
small (3 mm) gestational sac (not visualized on transabdominal 
sonography) was shown in one case. Endovaginal sonogra- 
phy provided less information than transabdominal sonogra- 
phy in one case by failing to visualize a gestational sac in a 
markedly anteflexed uterus. 

Of the 27 cases of abnormal intrauterine pregnancies, 
endovaginal sonography provided more information than 


Fig. 3.—False-positive ectopic gestation. 

A, Transverse transabdominal sonogram 
shows a saclike structure (arrows) in left ad- 
nexa. An intrauterine gestational sac was iden- 
tified at a higher level. O = ovary, U = uterus, B 
= bladder. 

B, Endovaginal sonogram shows that saclike 
structure (arrews) contains internal echoes. Sur- 
gery proved that this structure represented a 
hemorrhagic corpus luteum cyst. O = left ovary. 


C, Repeat sonogram 5 days later shows enlargement of right extrauter- 
ine gestational sac (arrows), which was now visible on transabdominal 
sonography. Simultaneous human-chorionic-gonadotropin level had in- 
creased in the interval from 3400 mIU/ml to 4500 mIU/ml (2nd International 
Standard). Right ectopic gestation adjacent to corpus luteum cyst was 
confirmed at surgery. 


transabdominal sonography in nine cases (33%). These in- 
cluded detection of embryonic demise (three cases) (Fig. 6), 
a yolk sac (two cases), and retained intrauterine products 
and/or fluid (four cases). No additional information was ob- 
tained in the remaining 18 cases, including 11 cases in which 
the uterus appeared empty because of a recently completed 
spontaneous abortion. However, uterine contents were visu- 
alized more clearly on endovaginal sonography, which in- 
creased the degree of confidence of a completed abortion. 

The patients’ acceptance of endovaginal sonography was 
excellent: 69 patients (82%) preferred endovagina! sonogra- 
phy because they could avoid the discomfort of the full urinary 
bladder needed for transabdominal sonography, 11 (13%) 
expressed no preference, and 4 (5%) preferred transabdom- 
inal sonography. 
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Fig. 4.—Ectopic gestation with hematosal- 
pinx. 

A, Transabdominal sonogram in transverse 
view shows ill-defined right adnexal mass (ar- 
rows) adjacent to right ovary (O). U = uterus, B 
= bladder. 

B, Endovaginal sonogram shows heteroge- 
neous, oval mass (arrows) suggesting hemato- 
salpinx. Right hematosalpinx was confirmed at 
surgery. 


Fig. 5.—Intrauterine pregnancy. 

A, Transabdominal sonogram (sagittal view) 
at 6 menstrual weeks shows a mildly retroverted 
uterus containing a gestational sac (GS), but no 
internal landmarks. B = bladder. 

B, Endovaginal sonogram shows well-defined 
yolk sac (YS) and contiguous 3-mm embryonic 
pole (arrow) that showed definite cardiac pul- 
sations on real-time examination. 


Fig. 6.—Embryonic demise. 

A, Transabdominal sonogram shows an irreg- 
ular, poorly defined gestational sac (arrow). 

B, Endovaginal sonogram shows a nonliving 
embryo (E and arrow) lying in dependent portion 
of gestational sac. 
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Discussion 


In this prospective study of women with suspected ectopic 
pregnancy, endovaginal sonography provided more informa- 
tion than transabdominal sonography in three significant 
ways: (1) ectopic gestations were more frequently visualized, 
(2) intrauterine pregnancies were reliably identified at an earlier 
stage in pregnancy, and (3) abnormal (nonviable) gestations 
were confirmed more frequently. Overall, endovaginal sonog- 
raphy provided more information than transabdominal sonog- 
raphy in 50 (60%) of 84 cases and less information in only 
4% of cases. Small amounts of fluid in the pelvic cul-de-sac 
were also frequently observed on endovaginal sonography 
from all groups of patients, although this was not included in 
data analysis. An unexpected benefit of endovaginal sonog- 
raphy was the excellent acceptance of this technique by 
patients; it was preferred over transabdominal sonography by 
83% of the women. Finally, because a full urinary bladder is 
not required, endovaginal sonography can be performed more 
rapidly than transabdominal sonography in an emergency. 

For women with ectopic pregnancies, the most frequent 
new finding observed on endovaginal sonography was an 
extrauterine saclike structure representing an “empty” ges- 
tational sac (Figs. 1 and 2). Ectopic gestational sacs probably 
appear empty in most cases because suboptimal vascular 
supply inhibits normal embryonic development, reflected by 
lower HCG levels than intrauterine pregnancies [5]. Visuali- 
zation of extrauterine gestational sacs on endovaginal sonog- 
raphy is aided by scanning when the patient has an empty 
urinary bladder, because a full bladder can compress, distort, 
and displace the ectopic gestation. Other advantages contrib- 
uting to the success of endovaginal sonography include place- 
ment of the transducer nearer to the region of interest and 
the ability to use higher frequency (5 or 7.5 MHz) transducers. 

Correct identification of extrauterine gestational sacs re- 
quires a careful, diligent search of both adnexa. Characteris- 
tically, each sac appeared as a round fluid collection, similar 
in size (1-2 cm) to its intrauterine counterpart and surrounded 
by a thick echogenic ring (Figs. 1 and 2). This appearance 
should be readily distinguished from ovarian cysts, which tend 
to be larger, arise from the ovary, and have a thin wall. 

Although seeing an empty extrauterine sac is not as reliable 
as actually visualizing the embryo for diagnosis of ectopic 
pregnancy, it is a highly suspicious finding. Of 11 cases in 
which the sonograms showed an extrauterine “sac” in this 
series, 10 proved to have an ectopic pregnancy. The only 
false-positive diagnosis appeared atypical on endovaginal so- 
nography and was seen in association with an intrauterine 
pregnancy, making a simultaneous extrauterine gestation sta- 
tistically unlikely (Fig. 3). 

For normal intrauterine pregnancies, endovaginal sonogra- 
phy provided additional information in most cases by showing 
a yolk sac (14 cases) or a tiny living embryo (11 cases) (Fig. 
5) not identified on transabdominal sonography. Identification 
of either finding confirms that an intrauterine sac represents 
a true gestational sac, thereby distinguishing it from a pseu- 
dogestational sac found in 10-20% of women with ectopic 
pregnancies [6, 7]. In addition, the double decidual sac was 
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seen more easily on endovaginal sonography because the 
gestational sac was clearly separate from the endometrial 
cavity echo [8]. 

The frequency of visualizing a yolk sac on endovaginal 
sonography emphasizes the value of this finding in patients 
who are suspected of having an ectopic pregnancy. As with 
visualization of an intrauterine embryo, detection of a yolk 
sac virtually excludes the possibility of a simultaneous ectopic 
gestation. Identification of the secondary yolk sac, which 
develops at 28 menstrual days (14 days postconception) 
[9], is also a valuable landmark for identifying embryonic 
cardiac activity as early as 40-42 menstrual days [10] (Fig. 
5). Even when adjacent cardiac activity cannot be identified, 
the presence of a yolk sac carries a favorable prognosis 
compared with empty gestational sacs of comparable size. 

For abnormal (nonviable) intrauterine pregnancies, endo- 
vaginal sonography provided more information than transab- 
dominal sonography by confirming embryonic demise (Fig. 6) 
and by distinguishing more clearly between complete and 
incomplete spontaneous abortions. This information is impor- 
tant for determining whether a woman requires uterine cu- 
rettage after the passage of gestational tissue. In cases of 
completed spontaneous abortion, endovaginal sonography 
provided no more information than transabdominal sonogra- 
phy did; however, it did show an empty-appearing uterus 
more clearly. 

We did not encounter many limitations of endovaginal so- 
nography in this series. However, because of the unorthodox 
position and angle of the transducer, correct orientation may 
be difficult initially. In one case of a ruptured ectopic gestation, 
endovaginal sonography could not determine the volume of a 
large hemoperitoneum that extended into the upper abdomen. 
In another case, a very anteflexed uterus prohibited visuali- 
zation of an intrauterine gestational sac from the endovaginal 
approach. Conversely, retroflexed uteri are evaluated much 
better by endovaginal sonography than by transadcominal 
sonography (Fig. 5). 

In summary, endovaginal sonography provided more infor- 
mation than transabdominal sonography in the majority of 
women referred with suspected ectopic pregnancy in this 
study. We believe that endovaginal sonography should be- 
come an integral part of pelvic sonography in women who are 
suspected of having an ectopic pregnancy when conventional 
transabdominal sonography fails to show a living intrauterine 
or extrauterine embryo. At present, although an argument 
could be made to use endovaginal sonography as the initial 
examination in all women referred with suspected ectopic 
pregnancies, we continue to employ transabdominal sonog- 
raphy in nonemergent settings because it occasionally reveals 
information not seen on endovaginal sonography, and, by 
providing the “big picture,” it can help guide and orient the 
endovaginal approach. Furthermore, a living embryo is fre- 
quently detected on transabdominal sonography, in which 
case further evaluation is usually not necessary. We have 
adopted endovaginal sonography as our first and only ex- 
amination, however, in emergencies and in off-hours situa- 
tions when it is inconvenient to wait for filling of the patient’ s 
urinary bladder. 
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Detection of Retroperitoneal 
Metastases in Early-Stage 
Nonseminomatous Testicular 
Cancer: Analysis of Different CT Criteria 





To determine the predictive values of using different sizes on CT as criteria for the 
detection of retroperitoneal lymph-node metastases in patients with early-stage (nodes 
5 cm or less in diameter) primary nonseminomatous testicular cancer, we performed a 
retrospective analysis of 51 patients. Measurements of lymph-node transaxial diameters 
on CT were correlated with histologic findings at lymph-node dissection or with response 
to initial chemotherapy. All patients had normal serum markers (alpha-fetoprotein, human 
chorionic gonadotropin) after orchiectomy. The frequency of lymph-node metastases in 
this population was 51%. When a CT criterion of 5 mm was used, the negative predictive 
value was 79%; the positive predictive value, 62%; the specificity, 44%; and the 
sensitivity, 88%. With a criterion of 15 mm, the negative predictive value was 63%; the 
positive predictive value, 71%; the specificity, 76%; and the sensitivity, 58%. Metastases 
in retroperitoneal lymph nodes that appeared within normal limits (i.e., had normal 
transaxial diameters) on CT were the limiting factor in the ability of CT to exciude the 
presence of metastases. 

We conclude that using smaller sizes on CT scans as the criteria for detection of 
lymph-node metastases cannot replace dissection of nodes in patients who have normal- 
sized nodes but may be helpful in identifying a subgroup of patients who are at lower 
risk of harboring metastases when treatment by orchiectomy alone is considered. 


The survival rates of patients with metastatic nonseminomatous germ cell tumors 
of the testes have improved greatly since the introduction of cisplatin-based 
combination chemotherapy [1, 2]. In patients with low-volume stage II (lymph nodes 
5 cm or less in diameter) disease, survival rates approach 100% after treatment 
consisting of (1) dissection of lymph nodes followed by chemotherapy or (2) primary 
chemotherapy alone [3-6]. The goal of future initial management of patients who 
have stage | or stage II tumors will be to maintain a high cure rate while minimizing 
treatment-related side effects. Two options are under study: (1) orchiectomy alone 
followed by careful surveillance for the appearance of metastatic disease for clinical 
stage | tumors and (2) primary chemotherapy for clinical stage 2 tumors [5-8]. 
Because these approaches are attempts to avoid dissection of retroperitoneal 
lymph nodes and the related morbidity, both approaches require the optimization 
of clinical staging methods to predict the presence or absence of metastases in 
normal or minimally enlarged retroperitoneal lymph nodes. 

Little information is available on the negative and positive predictive values of 
different size criteria for lymph-node metastases on late-generation CT to detect 
retroperitoneal metastases in patients who have early-stage nonseminomatous 
tumors and no serum-marker evidence of metastases. This retrospective analysis 
of patients seen at the Dana-Farber Cancer Institute and Brigham and Women's 
Hospital was undertaken to define further the predictive values of CT findings for 
the detection of retroperitoneal metastases in these patients. 
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Materials and Methods 


The study group consisted of 51 consecutive patients who had 
primary nonseminomatous testicular cancer diagnosed between 1982 
and 1987 and who met the following criteria: each patient had normal 
levels of serum markers (aipha-fetoprotein and human chorionic 
gonadotropin) after orchiectomy, and each had available for retro- 
spective analysis a late-generation CT scan of the abdomen and 
pelvis that showed retroperitoneal lymph nodes measuring 50 mm or 
less in diameter. Patients had no other evidence of metastatic disease 
and had received no other form of therapy. Their median age was 28 
years (range, 20-43). 

CT scans were obtained with various late-generation scanners 
(scan time, 3 sec or less) after the administration of oral contrast 
material. IV contrast material was administered when necessary. 
Abdominal scans used 1-cm-thick slices obtained at 1-cm intervals. 
The intervals were increased to 1.5 or 2 cm for examination of the 
pelvis. In selected cases, repeat images and prone or decubitus views 
were obtained to provide adequate opacification of bowel loops 
adjacent to the retroperitoneum. Retrospective analysis of the CT 
scans was done without knowledge of the histologic findings or of 
the response to treatment if chemotherapy had been given first. The 
greatest transaxial diameter and location of the largest retroperitoneal 
lymph node were recorded for each patient. 

All patients had further diagnostic intervention or treatment within 
3 weeks of the CT scans. Forty-two patients who had retroperitoneal 
nodes measuring less than 2.5 cm on CT underwent dissection of 
lymph nodes by one surgeon at the Brigham and Women's Hospital. 
The boundaries of resection included the renal hila and retrocrural 
space superiorly, the ureters laterally, below the aortic bifurcation 
inferiorly, and the anterior spinous ligament posteriorly. Modifications 
to preserve the ability to ejaculate included sparing the contralateral 
side of the aorta below the level of the inferior mesenteric artery. 
Location of nodes was described at surgery as pre- or paracaval, 
pre- or paraaortic, interaortocaval, or iliac and was related to the 
position of the major branches of the inferior vena cava and aorta. 
During histologic analysis, sizes of the lymph nodes were recorded 
in two or three dimensions when nodes were considered enlarged. 

Nine other patients who had retroperitoneal nodes measuring 25- 
50 mm on CT were presumed to have metastases and underwent 
initial chemotherapy without histologic confirmation. Demonstration 
of a response to treatment (decrease in nodal size on CT after 
therapy) or excision of a postchemotherapy residual mass containing 
teratoma was considered confirmation of the initial presence of 
metastatic lymphadenopathy in this group. 

Correlation was made between histologic findings and measure- 
ments on CT scans of the greatest transaxial diameter of the largest 
node. Different maximal diameters (=5 mm, =10 mm, =15 mm, 220 
mm, and =25 mm) were used as criteria for lymph-node metastases. 
The 25 mm criterion was not applied to the pelvic lymph nodes 
because nodes of this size could not be discriminated in the pelvis 
on these CT scans. 

The negative predictive value of CT findings was defined as the 
percentage of patients with findings interpreted as negative who had 
histologically normal nodes. The positive predictive value of CT 
findings was defined as the percentage of patients with findings 
interpreted as positive who had lymph nodes histologically positive 
for metastases. Sensitivity was defined as the percentage of patients 
who had lymph nodes histologically positive for metastases and 
whose CT findings were interpreted correctly as positive. Specificity 
was defined as the percentage of patients who had lymph nodes that 
were histologically normal and whose CT findings were interpreted 
correctly as negative. Accuracy was defined as the percentage of 
patients whose CT findings were interpreted correctly. 
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Results 


Overall, 26 (51%) of 51 patients had retroperitoneal lymph- 
node metastases. Forty-two patients had lymph nodes meas- 
uring 25 mm or less on CT, and all underwent dissection of 
lymph nodes; 17 of these patients had metastases. Nine other 
patients had lymph nodes measuring 25-50 mm, and they 
underwent initial chemotherapy. In seven of these nine, the 
diameter of the retroperitoneal node decreased more than 
50% after chemotherapy. In two of the nine, the size of the 
retroperitoneal masses increased after chemotherapy; these 
residual masses were excised and were shown to be mature 
teratomas. For the purpose of this analysis, all nine patients 
whose nodes measured 25-50 mm were considered to have 
metastatic involvement of these nodes on the initial CT scan. 

The correlation between different CT criteria for metastatic 
adenopathy and the actual presence of metastases based on 
histologic analysis or response to treatment is shown in Table 
1. When the smallest criterion of 5 mm was used, the negative 
predictive value was 79%, and the positive predictive value 
was 62% (Table 2). When 20 mm was used, the negative 
predictive value decreased to 62%, and the positive predictive 
value increased to 86%. When 25 mm or greater was used 
as the CT criterion, the positive predictive value increased to 
100%. 

When 5 mm was used as the criterion, 23 CT scans were 
true-positive results. In each case, the anatomic location of 
the largest nodes seen on CT corresponded to the region of 
a paraaortic or paracaval nodal group that was shown histo- 
logically to contain metastases. Patients with right-sided tes- 
ticular tumors had metastases in the right paracaval or inter- 
aortocaval region, and patients with left-sided primary tumors 
had metastases in the preaortic or left paraaortic region, 
corresponding to the expected sites of lymphatic drainage 
below the renal hilar level. Two patients also had ipsilateral 
metastases of the iliac node that were found during histologic 
examination. The size of positive nodes found on histologic 
examination ranged from 5 mm less than that measured on 
CT to 15 mm more, but the axis relative to the plane of the 
CT scan was not determined. The median number of lymph 


TABLE 1: Correlation of CT and Histologic Findings in Early- 
Stage Nonseminomatous Testicular Cancer 





oe Findings on 
Criterion for Histology 
Metastases? No. of Findings 
(mm) Patients on CT Negative Positive 
>5 14 Negative 11 3 
37 Positive 14 23 
>10 22 Negative 15 7 
29 Positive 10 19 
215 30 Negative 19 11 
21 Positive 6 15 
220 37 Negative 23 14 
14 Positive 2 12 
225 42 Negative 25 17 
9 Positive 0 g° 


* Greatest transaxial diameter of largest node. 
? Did not undergo node dissection but showed marked reduction in size of 
nodes or residual teratoma after initial chemotherapy. 


TABLE 2: Analysis of Different CT Criteria for Detection of Retroperitoneal Lymph Node 
Metastases in Early-Stage Nonseminomatous Testicular Cancer 
a 


CT 
— Mss iia ca Sensitivity Specificity Accuracy 
Metastases Value (%) Value (%) a *) (%) 
(mm) 
= 5 11/14 (79) 23/37 (62) 23/26 (88) 11/25 (44) 34/51 (67) 
>10 15/22 (68) 19/29 (66) 19/26 (73) 15/25 (60) 34/51 (67) 
>15 19/30 (63) 15/21 (71) 15/26 (58) 19/25 (76) 34/51 (67) 
>20 23/37 (62) 12/14 (86) 12/26 (46) 23/25 (92) 35/51 (69) 
>25 25/42 (60) 9/9" (100) 9/26 (35) 25/25 (100) 34/51 (67) 


EE a eS FS ES SS 


* Greatest transaxial diameter of largest node. 


> Did not undergo node dissection but showed marked reduction in size of nodes or residual teratoma after initial 


chemotherapy. 


nodes present in specimens obtained by dissection of nodes 
was 23 (range, 12-31). The median number of metastatic 
nodes found per patient was three (range, one to nine); 41% 
of patients had just one or two metastatic nodes. 

In the three false-negative scans obtained when 5 mm was 
used as the criterion, metastases were found histologically in 
paraaortic lymph nodes at or below the level of the renal hila; 
the greatest dimension ranged from 5 to 15 mm. The axis of 
these measurements relative to the plane of the CT scan 
could not be determined. In one of the two scans that were 
false positive when 20 mm was used as the criterion, both 
the surgeon and the pathologist found a cluster of small, 
benign lymph nodes in the area of a 20-mm mass seen on 
CT in the left paraaortic region. In the other patient, dissection 
of lymph nodes provided no explanation for a 20-mm right 
paracaval soft-tissue density seen on CT just below the renal 
hilum. The density was not present on follow-up scans. Both 
of these patients have remained free of metastases 3-4 years 
after dissection of lymph nodes resulted in negative findings. 
During the period of the study, no retroperitoneal relapses 
occurred in other patients who had negative findings on 
dissection of lymph nodes and follow-up by CT. 


Discussion 


This study shows that the use of a smaller (=5 mm) 
threshold for the CT detection of metastases, although as- 
sociated with a false-negative rate of 21% in our study, 
defines a subgroup of patients who are at lower risk of 
harboring metastases than those who have larger nodes that 
would be considered negative if a more conventional criterion 
of 10 or 15 mm were used. Although the failure of CT to 
detect metastases in retroperitoneal nodes that have normal 
transaxial diameters precludes the ability of CT to replace 
dissection of lymph nodes, the identification of patients who 
have clinical stage | testicular cancer who are at higher or 
lower risk of harboring metastases may be helpful in the 
selection of patients considered for treatment that consists 
of orchiectomy and surveillance only. The clinical usefulness 
of such predictive values will depend on (1) the recognition of 
populations who have a similar frequency of disease (51% in 
this series), (2) the acquisition of a larger prospective data 
base to provide more conclusive statistics, and (3) the pros- 
pect of identifying low-risk groups that would occur with a 
reasonable frequency in the population to have a significant 
impact on management of these patients. 


This study on CT staging of early nonseminomatous testic- 
ular cancer is unique because the patients had no serum- 
marker (AFP, hCG) evidence of disease after orchiectomy 
and because lymph-node size was separated into five groups, 
from 5 to 50 mm (the upper limit of the size of stage-ll disease 
included in the study) on late-generation CT scanners. The 
only similar study is that of Lien et al. [9] in the Swedish- 
Norwegian testicular cancer project in which 90 patients who 
were studied prospectively had nodes measuring 20 mm or 
less in diameter on CT and underwent dissection of lymph 
nodes. However, their study included patients who had 
serum-marker evidence of metastases after orchiectomy, a 
factor that would increase the frequency of metastases in 
that population. Although the difference is insignificant when 
a chi-square test is used, the 42% frequency of metastases 
in their study was higher than the 32% frequency of metas- 
tases in the patients included in our study who had nodes 20 
mm or less in diameter. When the criterion of 5-mm was 
used, the Swedish-Norwegian study showed a 76% negative 
predictive value (24% false-negative rate), a 61% positive 
predictive value, 71% sensitivity, and 67% specificity. When 
15 mm was used as the criterion, the negative predictive 
value and sensitivity decreased to 68% and 37%, respec- 
tively, and the positive predictive value and specificity in- 
creased to 93% and 98%, respectively. The authors noted 
that nodes of equivocal size at each criterion level on CT were 
considered 1 mm smaller for their analysis, thus contributing 
to lower negative predictive values and higher positive predic- 
tive values. As also shown in our study, the major limitation 
of CT was failure to detect metastases in retroperitoneal 
nodes that had normal transaxial diameters on CT scans. 
Although the largest metastatic lymph nodes in 21% of their 
positive cases were less than 5 mm in diameter at histologic 
examination, many were larger than the reported CT trans- 
axial dimension, a discrepancy that Lien et al. attributed to 
the lack of accurate orientation of the pathologic axis to the 
CT scanning plane, inadequate delineation of retroperitoneal 
structures by fat in some patients, and, possibly, interval 
growth between the time of the CT scan and dissection of 
lymph nodes. 

Earlier studies used a CT nodal diameter of 10 or 15 mm 
as the sole criterion of metastatic disease. Thomas et al. [10] 
reported a false-negative rate of 29% (2/7) in a group of 
patients who had a 78% frequency of metastases; Richie et 
al. [11] reported a false-negative rate of 44% (7/16) in a group 
who had a 67% frequency of metastases; and Rowland et al. 
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[12] reported a false-negative rate of 36% (15/42) in a group 
who had 49% frequency of metastases. Recently, Tesoro- 
Tess et al. [13] reported a false-negative rate of 29% (5/17) 
and a false-positive rate of 22% when 15 mm was used as 
the criterion in a study group who had a 56% frequency of 
metastases. Follow-up studies of patients with clinical stage- 
| disease who were treated by orchiectomy alone without 
dissection of lymph nodes have documented rates of devel- 
opment of clinically (including CT) evident retroperitoneal me- 
tastases of 17% and 20% during follow-up periods of 12 and 
19.5 months, respectively [7, 8]. This similarity to CT false- 
negative rates in comparable populations of patients suggests 
that many of the small metastases found in dissections of 
lymph nodes during initial staging are biologically active and 
will grow if not excised or treated. 

Our study is limited by its retrospectiveness and the con- 
sequent lack of operator control io delineate further suspi- 
cious areas, especially in some of the false-positive scans of 
nodes 1.5-2 cm in diameter, and, in all cases, to discriminate 
optimally nodal diameters between 5 and 15 mm. As in other 
Studies, the correlation of the size and location of nodes seen 
on CT with the size and location of specimens obtained by 
dissection of lymph nodes has limitations. Location can be 
correlated with respect to nodal groups or regions only, and 
measurements of diameters obtained during histologic eval- 
uation are often along an axis other than that of the CT 
transaxial scanning plane. However, the dissections of lymph 
nodes in this study were performed and correlative anatomic 
details described by the same surgeon. Although many of the 
dissections were modified to avoid the complication of retro- 
grade ejaculation, the pathologic results appear reliable; none 
of the patients who had negative findings on dissection of 
lymph nodes has had a relapse (metastases in the retroperi- 
toneum) during the period of the study. 

Lymphangiography can detect metastases in normal-sized 
nodes but has had false-negative rates similar to those for 
CT, ranging from 10% to more than 40% in patients who 
have limited disease and a lower frequency of metastases 
[10, 13-15]. Lien et al. [15] and Tesoro-Tess et al. [13] have 
shown that the true-positive lymphangiograms occur at a rate 
of one in seven patients in patients who have false-negative 
CT scans. Unfortunately, in both of these studies [13, 15], 
false-positive lymphangiograms occurred at a similar rate in 
patients who had false-negative CT scans. The false-negative 
rate was reduced from 27% to 10% in the study by Tesoro- 
Tess et al. and from 40% to 37% in the study by Lien et al. 
when lymphangiography was performed after normal findings 
on CT scans of 17 and 69 patients, respectively. This small 
potential benefit of complementary lymphangiography in pa- 
tients who have normal findings on CT scans must be 
weighed against the morbidity of the procedure, decreased 
accuracy in centers with less experience, and the risk of 
overtreatment or unnecessary dissection of lymph nodes in 
the case of false-positive lymphangiograms. The usefulness 
of MR imaging in this setting has not been shown yet. Using 
early MR imaging techniques, Ellis et al. [16] observed a 
Similar accuracy for CT and MR imaging in a mixed group of 
patients who had testicular cancer. MR imaging may offer 
better measurements of diameters in the longitudinal axis and 
better differentiation of nodal and vascular structures. 
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At present, in our institution, patients who have nodes 
greater than 20 mm in diameter on CT or who have persis- 


tently positive serum markers after orchiectomy are managed 
as patients who have stage-il disease. Patients whose lymph 
nodes measure 20 mm or less must have histologic confir- 
mation of metastases by percutaneous-aspiration biopsy or 
dissection of lymph nodes before they are managed as pa- 
tients who have stage-ll disease. Use of different CT and 
pathoiogic criteria to identify subgroups of patients who have 
Clinical stage-I disease and who are at high or low risk for 
retroperitoneal metastases will be helpful in the selection of 
patients considered for treatment by orchiectomy alone and 
surveillance. 
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Urinary Obstruction in Azotemic 
Patients: Detection by Sonography 





Renal sonography is frequently requested in patients with an elevated or rising 
creatinine, often with the instruction to “rule out obstruction.” A prospective study of 
patients undergoing renal sonography for newly discovered azotemia (creatinine >1.8 
mg/dl) or worsening renal failure was undertaken to evaluate the clinical utility of the 
sonographic examination. Patients with known obstructive uropathy, renal calculi, renal 
mass, or hematuria were excluded. In 189 patients, 17 (9%) had hydronephrosis: 11 
unilateral (one with a solitary kidney) and six bilateral. Obstructive causes were subse- 
quently established in the solitary kidney and in four patients with bilateral dilatation. 
These five patients (2.6%) with clinically significant hydronephrosis were shown sub- 
sequently to have a Clinical history that strongly suggested the presence of urinary tract 
obstruction. 

Our data suggest that, in patients without a clinical history that suggests obstruction 
(such as calculi, bladder outlet obstruction, or pelvic mass), the likelihood of finding 
bilateral hydronephrosis by sonography is small. 


Sonography is recognized as a valid screening technique for the detection of 
hydronephrosis [1-4]. Consequently, renal sonography is frequently requested in 
patients with an elevated or rising creatinine, often with the clinical instruction to 
“rule out obstruction.” Sonographic screening may be requested even in patients 
with known chronic renal failure and with no specific history to suggest obstruction. 
A prospective study of patients undergoing renal sonography for newly discovered 
azotemia (creatinine >1.8 mg/dl) or worsening renal failure was undertaken to 
evaluate how often sonography detected obstruction as the cause of the worsening 
renal function. 


Subjects and Methods 


Between February and November 1986, 189 patients underwent renal sonography. All 
patients either had a creatinine level over 1.8 mg/dl at initial presentation or had previously 
evaluated renal failure with a new creatinine determination that was twice the mean of all 
values reported for that patient over the previous 3 months. Patients with known obstructive 
uropathy, calculi, renal mass, or hematuria were excluded. Patients with renal failure who 
also had a flank mass, flank pain, or gross hematuria were excluded also. 

Real-time examinations were performed with either a Philips SDU 3000 or a Technicare 
EDP 1200 scanner. Sonograms were evaluated for kidney size, hydronephrosis, and cortical 
echogenicity. Hydronephrosis was graded as 0-3 by using the criteria of Malave et al. [5]: 0 
= no dilatation—compact central-echo complex; 1 = minimal dilatation—anechoic band or 
multiple anechoic pockets shown in central-echo complex; 2 = moderate dilatation—anechoic 
area occupied entire central-echo complex, with thin rim of echogenicity outlining periphery; 
and 3 = severe dilatation—marked dilatation and distortion of collecting system associated 
with thinning of renal parenchyma. 

Significant obstructive hydronephrosis was diagnosed if there was dilatation of a functioning 
kidney’s collecting system, an identifiable postrenal cause, and return of renal function with 
radiologic or urologic intervention. The clinical records were reviewed of patients with any 
degree of hydronephrosis. 
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Results 


A total of 372 kidneys were examined in 189 patients (Table 
1); six patients had only one kidney. One hundred seventy- 
two patients had nondilated collecting systems. Only five of 
these patients had had previous sonographic renal evaluation 
for azotemia. None with a history of azotemia had dilated 
collecting systems. 

Twenty-three dilated collecting systems were found in 17 
patients, all of whom had new renal insufficiency. The degree 
of dilatation was minimal in 12 kidneys (3.2%), moderate in 
nine (2.4%), and severe in two (0.5%). In 11 patients the 
hydronephrosis was unilateral, with one of these patients 
having a minimally dilated solitary kidney collecting system 
found to be due to an obstructing calculus. This patient had 
had a left nephrectomy for calculus disease many years 
before. In the other 10 patients with unilateral collecting 
system dilatation, only two had any further evaluation. Both 
of these were false positive for obstruction. One patient had 
a CT examination with no evidence of hydronephrosis. In the 
other an excretory urogram showed a small, scarred kidney 
with a dilated, but nonobstructed, collecting system. In the 
other eight cases, no further workup was performed. 

Six patients had bilateral hydronephrosis. Moderate dilata- 
tion was present in two patients who were subsequently 
diagnosed as having benign prostatic hypertrophy and placed 
on an intermittent self-catheterization program. Follow-up 
sonograms showed resolution of the hydronephrosis in both 
cases. In two other patients, one with moderate and one with 
severe dilatation, a history of stage-D prostate carcinoma was 
not known at the time of the sonogram. One patient required 
a suprapubic cystostomy for drainage of the obstructed col- 
lecting systems. The other patient had a dilated right kidney: 
an outside excretory urogram showed this kidney to be 
nonfunctioning, though this information was not provided at 
the time of the sonographic examination. New obstruction of 
the left kidney was treated with a percutaneous nephrostomy. 

The other two patients with bilateral hydronephrosis had 
minimal collecting system dilatation without an obstructing 
cause. In one patient a right renal abscess had been identified 
by CT 1 month before the sonogram; at that time there was 
no hydronephrosis. Follow-up excretory urography and so- 
nography showed resolution of the bilateral minimal dilatation. 


TABLE 1: Findings in Patients Undergoing Renal Sonography 
SA AS TE Onna Onna 


Degree of No. of Kidneys (%) oo 
Hydronephrosis Obstructed Nonobstructed Total 
None 0 349° 349 (93.8) 
Minimal 1° 11 12 (3.2) 
Moderate 6 3 9 (2.4) 
Severe 2 i 0 2 (0.5) 

Total 9 363 372 


Note.—Degrees of hydronephrosis are defined in Materials and Methods 
section. 

* Assumed to be nonobstructed since no attempt was made to uncover the 
false-negative examinations in this study. 

° Calculus in solitary kidney. 
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The other patient had had multiple abdominal operations for 
bowel necrosis and postoperative abscesses. Unenhanced 
CT scans obtained during a search for abscesses 2 weeks 
after sonography confirmed minimal dilatation of the right 
renal collecting system but no dilatation of the left. No further 
renal imaging was performed, and the patient ultimately re- 
quired renal dialysis. Thus, in five (2.6%) of 189 patients, a 
treatable obstructive cause was identified as the reason for 
hydronephrosis. In two patients with minimal dilatation, hy- 
dronephrosis appeared unrelated to any obstructing lesion. 


Discussion 


Clinicians have accepted sonography as a valuable screen- 
ing technique in patients with renal disease [1-4]. One of the 
main purposes of the sonographic examination has been to 
exclude urinary tract obstruction as a cause of renal failure. 
Our study was undertaken to determine the likelihood of 
finding clinically significant hydronephrosis in patients referred 
for sonography. 

Patients whose renal calculi, obstructive uropathy, or pros- 
tatic disease were known to us at the time of sonography 
were excluded. Nonetheless, of the seven (3.7%) of 189 
patients found to have hydronephrosis (six bilateral, one 
unilateral in a solitary kidney), five of these proved to have 
significant hydronephrosis, as it was defined in Subjects and 
Methods. With close clinical evaluation, all of these patients 
should have been strongly suspected as having significant 
obstructive disease. When a history of renal calculi, bladder 
outlet obstruction, or pelvic mass can be elicited, it seems 
appropriate to perform renal sonography immediately so that 
treatment can be implemented. 

Conversely, when no obstructive history is apparent, renal 
sonography should become an elective examination for the 
evaluation of renal size and echogenicity. While sonography 
cannot differentiate among the different types of renal disease 
[6, 7], the results can at least guide the medical evaluation of 
the patient. 

In the sonographic evaluation of hydronephrosis, sono- 
grams can be either false positive and false negative [8-12]. 
No attempt was made in our study to uncover the false- 
negative examinations, since the reported frequency is less 
than 1% [9]. Among the conditions that can result in false- 
negative sonograms are staghorn calculi, acute or partial 
obstruction, numerous cysts with superimposed hydrone- 
phrosis or misinterpretation of hydronephrosis as cystic dis- 
ease, and retroperitoneal fibrosis [8-11]. Causes for the false- 
positive diagnosis of hydronephrosis include normal variants 
such as a distensible collecting system or a distensible urinary 
bladder, overhydration, severe renal cystic disease, and 
peripelvic cysts [8, 12]. Four of 189 patients had unexplained 
dilatation; these dilatations either resolved (two patients), 
appeared only unilaterally on CT, or were shown to be non- 
obstructive on excretory urography. The clinicians chose not 
to further evaluate eight other patients with unilateral dilata- 
tion, so that an obstructive vs nonobstructive cause was 
unresolved. 

The results of our study indicate that the identification of 
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clinically significant hydronephrosis in a patient with new or 
worsening azotemia is uncommon. The presence of a pelvic 
mass, obstructive signs or symptoms, or renal calculi may 
identify a subset of patients likely to have hydronephrosis. 
Prompt sonographic evaluation in this subgroup may expedite 
therapy. In fact, all of our patients with clinically significant 
obstruction had a strong clinical history that suggested an 
obstructive cause. If these cases are excluded, none of the 
remaining patients with elevated creatinine had clinically sig- 
nificant hydronephrosis. In the absence of an obstructive 
history, emergent sonography may not be warranted. 
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Case Report 





Renovascular Hypertension Caused by Compression of the 
Renal Artery by the Diaphragmatic Crus 


James B. Spies,’ Mark H. LeQuire,’ Jacob G. Robison,” William C. Beckett, Jr., Diana T. Perkinson,° and 


Steven L. Vicks? 


Extrinsic compression of the renal artery is a rare cause of 
renovascutar hypertension. Renal artery compression leading 
to hypertension has been caused by abdominal aortic aneu- 
rysm [1], tumors [2], heterotopic adrenal tissue [3], psoas 
muscle bamds [4], sympathetic nerve fibers [5], and compres- 
sion by a diaphragmatic crus [6-9]. We report a case of 
compression by a left diaphragmatic crus, review the angio- 
graphic findings of extrinsic renal artery compression, and 
discuss the implications of treatment. 


Case Report 


A 20-year-old man was admitted for evaluation of possible reno- 
vascular hypertension. Two years earlier he had had mild hyperten- 
sion but hac not been treated. He had started taking hydrochlorothi- 
azide, propranolol, and prazosin 6 months before admission; 
however, his hypertension had not been controlled. An outpatient 
excretory usogram showed that the left kidney was slightly smaller 
than the right (right, 14.5 cm; left, 13.4 cm). 

On admission, blood pressure was 132/88 mm Hg, equal in both 
arms. Admission laboratory studies were normal, including blood urea 
nitrogen of 22 mg/dl, creatinine of 1.3 mg/dl, and 24-hr creatinine 
clearance of 125 mi/hr. 

An aortocram showed slightly slow flow to the left kidney and an 
acute angle of origin of the main left renal artery from the aorta (Fig. 
1A). The contrast density in the proximal renal artery was decreased, 
suggesting compression of the lumen at that site. The aorta, acces- 


sory left lower pole artery, and single right renal artery were normal. 
No intrarenal collaterals from the accessory left renal artery were 
present, and we observed no reversal of flow in nonparenchymal 
collaterals on the aortogram. Selective left renal artery catheterization 
showed severe angulated narrowing at the origin, and the catheter 
could not be seated securely (Fig. 1B). No poststenotic dilatation or 
nonparenchymal collaterals were present. The selective injection was 
limited because the catheter could not be positioned securely in the 
vessel, and only spot films were obtained. A severe crural impression 
on the celiac axis was also a finding on the lateral aortogram. The 
angiographic findings suggested congenital web or band compressing 
the artery. On a separate day, renal vein samples for renin levels 
were obtained by using captopril stimulation. These values were 75 
ng/ml/hr on the right, 109.2 ng/ml/hr on the left, and 30.9 ng/ml/hr 
in the inferior vena cava below the renal veins. An initial renal scan 
using *°"Tc-DTPA was normal. A repeat renal scan after captopril 
showed decreased flow to the left kidney. 

The surgical approach was made via a low left thoracoabdominal 
incision, in anticipation of possible splenic-artery-to-left-renal-artery 
bypass. Exploration of the left renal artery revealed musculotendinous 
bands severely compressing the left renal artery and causing an acute 
inferior angulation of the artery just distal to its origin. The left renal 
artery had a diminished pulse. Further dissection revealed that the 
median arcuate ligament was low, at the level of the first lumbar 
vertebra, and that the left renal artery was surrounded by muscular 
fibers of the left diaphragmatic crus. These were divided and the 
renal artery assumed a normal position and pulsation. The proximal 
renal artery was opened to the aorta, and the origin was explored. 
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Fig. 1.—A, Abdominal aortogram showing slow flow to left kidney. Left renal artery is acutely angled or narrowed at its origin (arrow). Contrast density 


in proximal renal artery is diminished, suggesting luminal compression. 


B, Spot film of selective left renal artery injection. Origin of vessel is stenotic, and catheter occludes origin. No poststenotic dilatation is present. 
C, Aortogram 1 week after surgery. Angle of origin of left renal artery has changed and is normal (arrow). Mild narrowing of proximal renal artery is due 


to arteriotomy and subsequent closure with vein patch. 


No intrinsic web or stenosis was found. A saphenous vein patch was 
used to close the vessel. 

After the operation, the patient's blood pressure became normal 
within 24 hr. An arteriogram 1 week later showed a normal angle of 
origin of the left renal artery (Fig. 1C). A lateral aortogram showed 
release of the crural compression of the celiac axis. The patient has 
remained normotensive without medication for the past 11 months. 


Discussion 


The angiographic appearance of diaphragmatic crural 
compression of the renal artery can be a sharply angulated 
course of the origin of the vessel and a poorly defined stenosis 
[6], or it can mimic focal atherosclerotic plaques [7, 8]. 

Proper filming techniques are critical so that the proximal 
stenosis and angulation are projected clear of the aorta. 
Selective injection can also help define anatomic lesion. 

In those cases mimicking focal atherosclerosis, percuta- 
neous angioplasty would not be successful, and the cause of 
the failure would remain unknown. Even routine surgical 
bypass might not identify the abnormality because the proxi- 
mal renal artery is not usually explored. In those patients in 
whom transluminal angioplasty fails and who subsequently 
undergo surgical bypass, exploration of the more proximal 
renal artery should be considered to exclude extrinsic 


compression—especially in a younger patient unlikely to have 
atheroscerosis. 

Compression of the proximal renal artery is an unusual 
cause of renovascular hypertension. This case shows the 
difficulty of detecting this condition and emphasizes the ar- 
teriograpnic findings that might lead to the correct diagnosis. 
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Case Report 





Bilateral Ureteral Obstruction Caused by a Foley Balloon in 
a Patient with a Contracted Bladder 


John T. Cutino, Jr.’ and Richard L. Clark 


There are many causes of lower ureteral obstruction. latro- 
genic causes include ureteral stone manipulation, transure- 
thral resectian of the prostate, and bladder surgery [1]. We 
report a case in which bilateral ureteral obstruction was 
caused by avdistended Foley catheter balloon in a patient with 
a contracted bladder. 


Case Report 


A 42-year-old man presented with spastic paraplegia and a neu- 
rogenic bladder resulting from surgery for a spinal hemangioma 
performed 19 years earlier. The patient had been treated with an 
indwelling Foley catheter (C. R. Bard, Murray Hill, NJ), anc had had 
multiple bouts of urinary tract infection and bilateral renal calculi. He 





Fig. 1.—A, IV urogram in a 42-year-old paraplegic man with a spastic bladder. 30-min radiograph (coned view of left kidney) shows mild caliectasis 
(short white arrow) and ureteral dilatation (black arrow). A staghorn calculus noted on preliminary radiograph is obscured by contrast material in renal 
pelvis. 

B, 30-min radiograph (coned view of bladder) shows distended Foley balloon (capacity, 30 ml) (straight arrows) filling bladder lumen. Both ureters 
(open curved arrews) are obstructed by balloon at ureterovesical junction (solid curved arrows). 

C, 90-min radiograph made after removal of 20 ml of saline from Foley balloon shows that calyces are less distended (short arrow) and ureter is 


decreased in size (/ong arrow). 
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was referred for IV urography to evaluate the recent onset of reduced 
renal output and urinary tract infection. Preliminary abdominal radio- 
graphs revealed a large staghorn calculus in the left kidney and a 
smaller stone in the right kidney. The urogram disclosed obstructive 
uropathy (Fig. 1A). A Foley balloon (capacity, 30 ml) obliterated the 
bladder lumen (Fig. 1B). After the balloon had been partially deflated 
by withdrawing 20 mi of fluid, decompression of the upper urinary 
tracts occurred (Fig. 1C). The patient's creatinine fell from 1.8 on 
admission to 0.7 2 days later. 


Discussion 


Foley catheters are used in 10-15% of all hospitalized 
patients in the United States [2]. Complications can be either 
infectious or mechanical [3]. Mechanical complications are 
related to malposition or result from laceration of the urethra 
or bladder. 


CUTTINO AND CLARK 


AJR:149, December 1987 


When the bladder is contracted, the Foley balloon may be 
in direct contact with the ureteral orifices. In our case, 
distension of the balloon obstructed both ureteral orifices and 
caused obstructive uropathy, which was promptly relieved by 
deflating the balloon. The balloon had a 30-ml capacity. In 
patients with chronically reduced bladder capacity, the balloon 
may Cause ureteral obstruction. 
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Mineral Content of Bone: 
Measurement by Energy Subtraction Digital 
Chest Radiography 





Several methods are presently available for measuring the mineral content of bone. 
Those in widespread use include dual-photon absorptiometry and quantitative CT. The 
feasibility of using dual-energy digital chest radiography for determination of the mineral 
content of posterior ribs on digital chest images was studied by using a prototype unit. 
The results showed a significant difference in the mineral density of the posterior ribs 
of control subjects and those of patients who had osteoporosis (251.1 + 36 mg Cat] 
cm? of rib vs 158.8 + 48 mg Ca?*/cm’, p < .01) and a close correlation with values 
obtained by dual-photon absorptiometry of the lumbar spine (r = .77). 

The results suggest that this technique can provide an accurate assessment of the 
presence or absence of osteoporosis. 


Osteoporosis is a condition characterized by a reduction in the mass of calcified 
bone, with consequent impairment of skeletal structural integrity. Quantitative CT 
and single- and dual-photon absorptiometry are currently the most common meth- 
ods used to determine the mineral content of bone. 

A prototype scanning-slit dual-energy digital radiographic unit dedicated to chest 
imaging has been undergoing clinical trials at the University of Alabama at Birming- 
ham since 1983. The accuracy and precision with which this device permits 
quantitation of calcium in solitary pulmonary nodules has been shown convincingly 
[1, 2]. As a result, we considered that determination of the mineral content of bone 
might be equally accurate. Our goal was to develop a new measurement protocol 
that would enable us to screen patients for osteoporosis via a simple chest 
radiograph, an examination routinely performed on most patients for the evaluation 
of intrathoracic contents. 


Materials and Methods 


Images of the chest were obtained in posteroanterior projection with the second-generation 
Picker scanning-slit dual-energy chest unit (Picker International, Cleveland, OH). The charac- 
teristics of this unit have been described in detail elsewhere [1-5]. Briefly, an X-ray fan beam 
is created by a 0.5-mm slit collimator placed between the patient and the focal spot of the X- 
ray tube; the beam is aligned with a 1.0-mm collimator placed between the patient and the 
detector array (consisting of 1024 vertical pixels). The collimators and the detector array are 
linked mechanically and pivot about the focal spot as the beam scans horizontally across the 
patient (Fig. 1). A key feature of this device is its linear detector array of 1024 elements. Each 
element is a low/high atomic sandwich: The first section consists of a low-atomic-number 
phosphor (optically coupled to a photodiode) that preferentially absorbs the lower-energy 
photons emerging from the patient; the higher-energy photons penetrate the first section and 
strike the rear section, which is composed of a high-atomic-number phosphor (also optically 
coupled to a photodiode) (Fig. 2). In this way, low- and high-energy images are acquired 
simultaneously. These in turn are summed to obtain a standard digital image (comparable to 
a conventional radiograph) (Fig. 3) and are processed to obtain soft-tissue (bone cancelled, 
Fig. 4A) and bone (soft-tissue cancelled, Fig. 4B) images. The radiation dose involved is 
approximately 17 mR (4.39 x 107° C/kg) [2]. 
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The accuracy of the parallelogram technique in the measurement 
of calcium has been established in our study of solitary pulmonary 
nodules [2]. This technique involves the construction of a parallelo- 
gram around the area to be quantitated: The bone image is displayed 
on a monitor, and three corners of a parallelogram are selected by 
the viewer; the computer selects the fourth corner and completes the 
sides. The computer scans pixel values along lines parallel to the 
base of the parallelogram and constructs a histogram of these values. 
The parallelogram includes some soft-tissue background on either 
side of the rib; the margins of the background are determined from 
the histogram. The background is subtracted to yield a second 
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Fig. 1.—Diagrammatic repre- 
sentation of collimator and detec- 
tor arrangement of the dual-en- 
ergy digital radiographic appara- 
tus as viewed from above. 


Fig. 2.—Detector design. Each 
detector element consists of a 
low-atomic-number/high-atomic- 
number detector sandwich that 
allows simultaneous detection of 


low- and high-energy information. 
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histogram corresponding to the calcium content of the structure in 
question [1 ]. 

The posterior ribs were selected as the first site of measurement; 
they are easily accessible and provide a reproducible location for the 
parallelogram technique. The efficacy of using the ribs in screening 
for osteoporosis is suggested by dual-photon absorptiometry studies 
that have noted a parallel reduction in the mineral content of the ribs 
and spine in patients who have osteoporosis and in elderly persons 
1G, 71 

The following preliminary studies were performed to prove the 
efficacy cf the parallelogram technique. First, intact sections of the 
chest wails of cadavers were imaged on the dual-energy apparatus 
(Fig. 5) amd by dual-photon absorptiometry. The calcium content of a 
designated section of a rib from each specimen was determined by 
the paralelogram technique. This section was then excised and 
subjected to atomic absorption analysis. Second, several sections of 
cadaver ribs, each approximately 1 cm’, was suspended in a water 
bath and radiographed at a distance from the detector approximating 
the average thickness of the chest. Absolute calcium content was 
determined again by using both the parallelogram technique and 
atomic absorption analysis. 

Because the major objective of this study was to provide infor- 
mation aout the mineral content of bone by means of a “routine” 
digital chest image, the posteroanterior projection was chosen. Al- 
though ‘his projection magnifies posterior ribs considerably, we 
thought “hat the advantages of the posteroanterior view outweighed 
this difficulty. To standardize the technique, we placed the parallelo- 
gram cursor over both the sixth and the seventh ribs as close to the 
midclavieular line as the overlapping ribs allowed (Fig. 6). In all cases, 
an unobstructed section of rib was found easily. The computer gave 





Fig. 3.—Standard digital images of a normal young woman. A, Posterioanterior projection. B, Lateral projection. 
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Fig. 4.—Su tracted digital images of a normal young woman. A, Soft-tissue image with bones subtracted. B, Bone image with soft tissues subtracted. 
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Fig. 5.—Digital image of rib specimens from 
cadaver of a young man. 


the calcium comtent contained within the parallelogram and the num- 
ber of pixels contained within the parallelogram. Because the area of 
a pixel is known, a calculation by hand easily yielded the calcium 
content per square centimeter, or areal density. Intra- and interob- 
server differences were in the range of 4%. 

Because duadl-photon absorptiometry is presently the method of 
choice at our irstitution for determining the presence or absence of 
osteoporosis, we chose our patients and control subjects from vol- 





Fig. 6.—Placement of parallelogram cursor for measurement of mineral content of rib. A, Sixth 
rib. B, Seventh rib. 


unteers who had undergone examination of the lumbar spine by this 
technique. Our patients who had osteoporosis consisted of 20 
women (age range, 24-76 years; mean, 58.5), whose bone density 
was below the fracture threshold of 1 g bone apatite/cm* on dual- 
photon absorptiometry. The fracture threshold is defined as tnat level 
of bone-minera! density below which fracture becomes more likely. 
Twenty men and women whose bone-mineral density exceeded the 
fracture threshold became our control subjects. 
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Fig. 7.—Caicium content of rib sections by chemical analysis and energy 
subtraction. 
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Fig. 8.—Calcium density of posterior ribs by dual-energy digital radiog- 
raphy. 
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Fig. 9.—Mineral density of lumbar spine by dual-photon absorptiometry 
vs calcium density of posterior ribs by dual-energy digital radiography. BA 
= bone apatite. 


Results 


For both the areal density of calcium and the absolute 
calcium content of the rib section, a close correlation was 
found between measurements made on the dual-energy ap- 
paratus and those made by dual-photon absorptiometry. 
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Dual-energy measurement of a specimen from a young man 
gave a mineral content of 282 mg; the value via chemical 
analysis was 280 mg. Similarly, our measurement of the 
mineral content of a specimen from an elderly woman was 95 
mg; chemical analysis gave a value of 94 mg. The study of 1- 
cm sections of rib suspended in the water bath showed a 
significant correlation between the digital measurement and 
the laboratory determination (r > .99, standard error = 29.8) 
(Fig. 7). 

Comparison of the two study populations revealed a signif- 
icant difference in areal calcium content of the ribs. Control 
subjects averaged 251.1 + 36 mg Ca**/cm?, whereas the 
women who had osteoporosis averaged 158.8 + 48 mg Ca?*/ 
cm* (p < .01) (Fig. 8). In addition, a strong correlation was 
found between the mineral content of ribs as measured on 
the digital apparatus and the mineral content of the lumbar 
vertebrae as determined by dual-photon absorptiometry. Sim- 
ple linear regression analysis yielded a correlation coefficient 
of >.77 for the entire population (Fig. 9). 


Discussion 


Several methods exist for measuring the mineral content 
of bone. We propose another that we think has significant 
advantages, including the fact that the information is provided 
as an adjunct to a study (the posteroanterior chest radi- 
ograph) that is performed routinely on almost all patients in 
the group at risk. We have shown that dual-energy digital 
radiography of the chest is a viable alternative for the meas- 
urement of the mineral content of bone. Our in vitro studies 
confirm the ability of our technique to measure the calcium 
content of ribs, and our clinical study suggests that the results 
of measurement of areal calcium density of posterior ribs 
correlates well with the patient's bone-mineral status. 

This preliminary information indicates that with further de- 
velopment, dual-energy digital radiography may be an effec- 
tive tool for the screening of patients who are at risk for 
osteoporosis. 
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Osteosarcoma: Relation Between 
Extent of Marrow Infiltration on CT and 
Frequency of Lung Metastases 





Thirty-seven patients with osteosarcoma were evaluated by CT of both the involved 
bone and the lungs. The ratio of the extent (E) of the involved marrow segment to the 
length (L) of involved bone (E/L) was correlated with the presence and subsequent 
development of pulmonary metastases. The marrow was evaluated by CT for the 
presence of tumor by measuring mean attenuation coefficients on serial axial scans. 
Three patient groups were identified: group 1 consisted of seven patients with lung 
metastases at presentation (mean E/L = 61%), group 2 consisted of 10 patients who 
developed lung metastases or recurrent tumor either during or after chemotherapy 
(mean E/L = 39%), and group 3 consisted of 20 patients who completed therapy and 
remained disease-free (mean E/L = 28%). All patients received chemotherapy in 
addition to surgical resection except for two patients in group 1. 

No patient with an E/L ratio greater than 50% remained disease-free for more than 
14 months after the initial diagnosis. Fifty percent or greater involvement of the marrow 
cavity thus carries a particularly poor prognosis, and its absence or presence can be 
used as a significant prognostic aid in osteosarcoma. 


To date there is no practical, reliable, quantitative parameter with which to 
determine the prognosis in a patient with osteosarcoma. Although some correlation 
with duration of symptoms, number of metastases at presentation, and time of 
development of metastases has been demonstrated [1-5], the existence of a more 
quantitative prognostic tool would be desirable. 

Quantitative CT of the bone marrow offers a reliable means of differentiating 
between normal and pathologic marrow and has proved to be an accurate method 
for the evaluation of the intramedullary extent of tumor [6]. The purpose of this 
report was to compare the extent of marrow infiltration as measured by CT at the 
time of presentation with the presence or eventual development of metastases in 
osteosarcoma patients and to determine if CT measurement of the marrow can be 
used as a prognostic tool in osteosarcoma. 


Materials and Methods 


Between 1976 and 1985, 37 patients were treated for osteosarcoma at The Mount Sinai 
Hospital in New York. The patients were 6-83 years old; most (70%) were first seen when 
they were between the ages of 10 and 20 years. The average age was 18 years. Twenty 
patients were males, and 17 were females. 

All patients had plain films and CT scans of the involved bone and chest as well as bone 
scintigrams before starting therapy. In each case the diagnosis was confirmed by biopsy. 
The majority of patients were treated with preoperative chemotherapy consisting of high- 
dose methotrexate, Adriamycin (Adria, Dublin, OH), and cis-platinum, followed by a limb- 
salvage procedure, amputation, or disarticulation. In two cases, treatment was refused. After 
having completed the first course of chemotherapy and surgery, follow-up radiologic evalua- 
tion included chest radiographs, chest CT scans, and plain films of the involved limb at 
frequent intervals for several years. In most cases, CT was performed with a GE 8800 (9.6- 
sec acquisition time per CT slice) or GE 9800 (2-sec acquisition time per CT slice) scanner. 
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In each patient, both extremities were scanned simultaneously. 
Ten-millimeter-thick contiguous slices were obtained along the entire 
length of the involved bone. The contralateral normal bone was also 
scanned and used for comparison. Tumor involvement in the medul- 
lary cavity was calculated by measuring the mean attenuation coef- 
ficient of the marrow. Regions of interest, rectangular in shape, were 
measured by one of the authors on each CT slice along the entire 
length of the involved bone. In several patients, multiple measure- 
ments with differing numbers of pixels demonstrated that, for a given 
axial section, the mean attenuation coefficient did not vary signifi- 
cantly. In general, the largest possible region of interest that did not 
incorporate cortical bone into the measurement was used to deter- 
mine the mean attenuation coefficient. The limits of the tumor were 
delineated by identifying the border of transition from plus to minus 
attenuation values, which was usually abrupt. The length of the 
involved marrow was then compared with the length of the host 
bone. The percentage of marrow infiltrated by tumor was recorded 
and correlated with the presence or absence of metastases in the 
lung at the time of initial diagnosis or with the subsequent develop- 
ment of metastases. 

The tumor occurred in the femur in 23 cases, in the tibia in six, in 
the fibula in four, in the humerus in three, and in the ilium in one. Of 
the 36 patients in whom the tumor arose in the long bones, two had 
tumors in the diaphysis; in the remaining 34 cases the metaphysis 
was the primary tumor site. The pathologic diagnosis in most of the 
cases was Conventional osteosarcoma. There was one telangiectatic 
osteosarcoma. In three other instances, the tumor apparently started 
as a parosteal osteosarcoma, but by the time of presentation it had 
infiltrated into the medullary cavity of the adjacent bone. Histologi- 
Cally, these were classified as conventional osteosarcomas [7]. 

Twenty-two patients were treated by a limb-salvage procedure, 
11 by amputation, one by disarticulation, and another by hemipelvec- 
tomy. Two patients refused surgery. 





Fig. 1.—14-year-old boy with osteosar- 
coma of right femur and pulmonary metas- 
tases at presentation. Pre-CT scout view 
of femurs shows destruction of distal part 
of right femur (c). Proximal and middle 
thirds of femur appear normal. CT dis- 
closed infiltration of entire medullary cav- 
ity. Attenuation coefficient of marrow at 
level a = +36 H, b = +45 H, c = +154 H. 
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Results 


The patients were classified into three groups: group 1 
comprised seven patients who had pulmonary metastasis at 
presentation, group 2 comprised 10 patients who developed 
metastases or had tumor recurrence either during or after 
completion of chemotherapy, and group 3 comprised 20 
patients who completed chemotherapy and remained dis- 
ease-free. 


Group 1 


All patients in this group presented with pulmonary metas- 
tases at the time of initial diagnosis. The average length of 
tumor extension was 61% of the length of the medullary 
cavity. In four patients, more than 50% of the marrow length 
was involved by tumor; in two of these the entire marrow 
Cavity infiltrated. Five patients in this group died within 1 year 
after the diagnosis. One patient diagnosed as having wide- 
spread metastases lived for more than 2 years (Fig. 1). One 
patient underwent thoracotomy but was lost to follow-up. 


Group 2 


These 10 patients developed metastases or had a recur- 
rence after presentation. The average length of tumor infiltra- 
tion in the marrow in this group was 39% of the bone length. 
In two patients, more than 50% of the marrow was infiltrated 
by tumor. The first of these patients (Fig. 2) died 14 months 
after the onset of symptoms; the second died after 20 months. 





Fig. 2.— 13-year-old girl with osteosarcoma of left femur. 

A, Pre-CT scout film shows destruction of middle third of left femoral shaft surrounded by a fairly localized 
periosteal reaction. Marrow is infiltrated to lower third. Transitional zone (arrowheads). 

B, CT scan 5 mm above transitional zone. Medullary cavity is infiltrated, measuring +109 H (arrow). CT 5 
mm below transitional zone disclosed normal marrow (not shown here). Pulmonary and pleural metastases 
occurred 14 months after presentation. 
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Both died with diffuse lung metastases. Among the six pa- 
tients with 20-40% involvement, metastases occurred 6-30 
months after diagnosis; two of these patients were still alive 
4 years after the initial diagnosis of metastases. 

The patient with the shortest length of involvement in this 
group (17%) developed only a solitary pulmonary metastasis. 
This was resected, and he was disease-free 46 months after 
the initial diagnosis. The remaining patient in this group had 
only 19% involvement, but refused treatment and died after 
4 months. 


Group 3 


The patients in this group had no metastases or local 
recurrence. An average of 28% of the marrow length was 
infiltrated by tumor. In 12 cases, less than 30% of the marrow 
was infiltrated. In one case, a skip lesion occurred in the same 
bone. The marrow infiltration including the skip lesion was 
less than 20% in this case. In eight instances, 30-50% of the 
marrow was involved. The follow-up time in this group aver- 
aged 34 months (range, 8-73 months), with the majority 
followed for more than 30 months. 

Table 1 presents the patient data in another form. The 
patients are grouped by percentage of bone-marrow involve- 
ment and subdivided into patients with and without metas- 
tases. All six patients with greater than 50% marrow involve- 
ment had metastases at some time. Twenty of the 31 patients 
with less than 50% involvement did not manifest metastatic 
disease. The data do not clearly indicate any threshold that 
predicts the likelihood that those patients with less than 50% 
marrow involvement will remain free of tumor. 


Discussion 


Osteosarcoma is the most common primary malignant tu- 
mor of the growing skeleton. Since the introduction of adju- 
vant chemotherapy and thoracotomy for removal of pulmo- 
nary metastases to the treatment regimen, survival rates have 
improved significantly. However, there are no reliable prog- 
nostic indicators in patients with osteosarcoma, although 
many attempts have been made since the 1940s [8]. 

One criterion that has been cited as a prognostic factor is 
the duration of symptoms before definitive diagnosis. Gra- 
vanis and Whitesides [1] noted that patients who survived 5 


TABLE 1: Relationship Between Extent of Marrow Infiltration 
and Lung Metastases 


No. of Patients 


Extent of 
Infiltration (%) With Without 
Metastases Metastases 
10-20 2 5 
21-30 5 7 
31-40 4 5 
41-50 0 3 
51-100 6 0 
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MARROW INFILTRATION IN OSTEOSARCOMA 
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years or more had a longer period between the onset of 
symptoms and diagnosis (6-9 months) than those who lived 
less than 5 years (3.5-4.6 months). Although this relationship 
has been demonstrated by other authors [5], the opposite 
(that is, that a shorter duration of symptoms correlates with 
longer survival) has also been reported [9], as well as that 
there is no significant variation in symptoms between short- 
and long-term survivors. These conflicting data make this 
finding a less reliable sign than would be hoped for. 

Another significant factor that has been cited in the survival 
of osteosarcoma patients is the number of pulmonary nodules 
detected on linear tomography prior to thoracotomy. Two 
studies have shown that survival time is inversely related to 
the number of nodules found. One study showed that those 
with four or fewer nodules survived longer than those with 
more than 4 nodules (37 vs 10 months) [3], while another 
study demonstrated that three or fewer nodules correlated 
with increased survival [4]. However, these studies dealt only 
with the prognosis in patients who already had metastases. 
These studies offer no help in determining which patients 
actually have metastases at the time of initial diagnosis or will 
develop late metastases. 

Regarding the size of the primary tumor, it should be noted 
that the plain-film appearance of a bone tumor can lead to an 
underestimate of its actual size when compared with the 
pathologic examination; the reason for the discrepancy is that 
the extent of marrow infiltration cannot be readily shown on 
conventional radiographs. CT, on the other hand, is capable 
of detecting differences between normal fatty and tumorous 
marrow. Normally, bone marrow contains enough fat to give 
negative attenuation coefficients when examined by CT, 
sometimes approaching —100 or —120 H. When the fatty 
marrow is replaced by tumor, its attenuation coefficient be- 
comes positive. Values greater than +15 H are considered 
abnormal [6]. A close relationship between preoperative CT 
attenuation coefficients and pathologic specimens has been 
documented [6, 10]; apparently, edema associated with pri- 
mary bone tumors has not been a major hindrance in the CT 
assessment of bone-marrow involvement. 

The prognosis in osteosarcoma has been shown to be poor 
when the tumor is greater than 10 cm in diameter [5]. Al- 
though this has not been confirmed universally [2, 9], our 
study suggests that the size of the primary tumor at the time 
of diagnosis may correlate with the probability of dissemina- 
tion. More importantly, we have demonstrated that the extent 
of marrow infiltration at presentation as measured by CT 
correlates with the presence or late development of metas- 
tases. No patient with a marrow involvement greater than 
50% was alive and disease-free for more than 14 months. In 
comparing the extent of marrow infiltration between groups 
1 and 3, the difference is statistically significant (Fig. 3) (0 < 
05), thus making extensive infiltration an excellent predictor 
of the presence of metastases. The reverse statement, that 
a lesser degree of infiltration carries a favorable prognosis, is 
not unequivocally true, as two patients who presented with 
metastases had 40% or less involvement. Of the 16 patients 
who had 25% or less involvement, none had metastases at 
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Fig. 3.—Percentage of patients in each group with varying degrees of 
marrow involvement. Group 1, metastases at presentation; group 2, me- 
tastases during or after treatment; and group 3, no metastases. 


presentation, four developed metastases subsequently, and 
12 of the 16 were alive and remained disease-free. 

Although CT is sensitive in detecting medullary extension 
of tumor, MR imaging may be as good as or superior to CT 
in assessing the marrow. Early studies comparing CT and 
MR have shown that, in the majority of cases, MR is equal to 
or better than CT in evaluating intraosseous tumor extent 
[10, 11]; MR imaging was actually inferior to CT in only a very 
small minority of cases. Direct sagittal or coronal imaging, as 
well as superior soft-tissue contrast, should allow more ac- 
curate evaluation of tumor invasion. It seems logical to expect 
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that in the future MR will be used to provide information 
regarding prognosis in a manner similar to CT. 

CT has proved to be a reliable method of making quanti- 
tative measurements of marrow infiltration. Some prognostic 
information is also provided by this method. All patients in our 
study with a marrow involvement greater than 50% had a 
uniformly poor outcome. 
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Case Report 





Tumorlike Tuberculous Granulomas of Bone 


Ibrahim Fikry Abdelwahab,'? David A. Present,° Alicia Zwass,* Michael J. Klein, and James Mazzara’’® 


Tumorlike tuberculous granuloma of bone is a form of while tuberculous granulomas do not, the radiologic appear- 
skeletal tuberculosis that primarily involves the ends of the ance of granuloma often mimics skeletal neoplasms. 


long bones or the vertebral bodies, sparing the adjacent joints Although tumorlike tuberculous granulomas of bone have 
or disk spaces. Since typical tuberculous spondylitis and long- been reported in the developing countries of Africa and Asia, 
bone tuberculosis spread to the adjacent disk or joint space, and among nonwhite immigrants to the United Kingdom, they 





Fig. 1.—Frontal (A) and lateral (B) radiographs of right knee show destructive lesion of proximal tibia. Minimal sclerosis of margins and thinning of 
anterolateral cortex are noted. Articular cortex of tibia and cartilage space are intact. C, CT of proximal right tibia shows destructive lesion in anterolateral 
segment with marginal sclerosis. There is a huge soft-tissue mass. 
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rarely are found in the United States. As a result, there is 
scant information in the American medical literature regarding 
this form of skeletal tuberculosis. Because of the rarity of this 
entity and the attendant difficulty in making a differential 
diagnosis, we present this report. 


Case Report 


A 35-year-old black woman presented with a mass on her right 
leg. Four months earlier, she had been hospitalized for evaluation of 
a persistent cough, a 15-lb (7-kg) weight loss, and recurrent right 
pleural effusion. Repeated thoracocentesis revealed no evidence of 
malignancy or infection, but a pleural biopsy showed noncaseating 
granulomas. Physical examination showed a tender, movable, 6 x 8 
cm mass on the proximal portion of the right leg. 

The plain radiographs of the right knee showed a destructive lesion 
of the tibia with minimal marginal sclerosis (Figs. 1A and 1B). CT 
showed destruction of the cortex of the tibia and soft-tissue swelling 
(Fig. 1C). 

At surgery, the soft-tissue mass was found to be necrotic tissue. 
Caseating granulomas were shown histopathologically in the tissue 
retrieved from the open biopsy of the bony lesion. Cultures subse- 
quently grew Mycobacterium tuberculosis. 


Discussion 


Although there has been a sharp decline in the frequency 
of skeletal tuberculosis throughout Europe and the United 
States since the introduction of antituberculous chemother- 
apy, tuberculosis remains a major cause of bone and joint 
infections in the developing countries and among nonwhite 
immigrants [1]. In the United Kingdom, about one-third of all 
reported cases of skeletal tuberculosis are in nonwhite immi- 
grants [2]. Moreover, in the United States, nonwhite men 
make up the majority of the more than 22,000 cases reported 
annually [3]. 

The radiologic features of typical tuberculous spondylitis 
usually include narrowing of the intervertebral disk and de- 
struction of the contiguous vertebral bodies. Despite a well- 
defined margin of bone destruction, there is no reactive 
sclerosis or periosteal reaction [4-7]. However, in nonwhite 
patients this appearance may differ. The infectious process 
may be confined to one vertebral body with relatively little 
change in the adjacent disk space or vertebra. In addition, 
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bone destruction is often accompanied by sclerosis and is 
associated with periosteal reaction. This appearance may 
resemble a nontuberculous infection. Other differences noted 
in nonwhite patients are selective involvement of the posterior 
spinal elements and the more frequent involvement of the 
cervical spine [1, 2, 8]. 

The typical radiologic features of tumorlike granulomatous 
tuberculosis are metaphyseal or epiphyseal lesions that lack 
sclerosis, sequestration, or periosteal reaction. There is usu- 
ally involvement of the adjacent joint space and the subchon- 
dral bone is blurred, smudged, or even invisible. Secondary 
marginal erosions result and are eventually followed by de- 
struction of the articular cartilage and narrowing of the joint 
space [1, 4, 6-8]. Marginal sclerosis and periosteal reaction 
with preservation of the articular cartilage are not unusual. 
Even multiple osteolytic skeletal lesions may be observed [1, 
2, 8]. 

Our patient was a young black woman who presented with 
an osteolytic lesion in the proximal end of the tibia with minimal 
marginal sclerosis. The cortex was destroyed, and there was 
a soft-tissue mass. Because the knee joint was spared, the 
diagnosis of bone neoplasm or fungal infection was consid- 
ered. 

The presence of necrotizing granulomatous inflammation is 
strong evidence for tuberculous or fungal infection. Demon- 
stration of acid-fast bacilli or culture of Mycobacterium tuber- 
culosis is necessary to confirm the diagnosis. 
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Pyogenic Sacroiliitis in IV Drug 
Abusers 





We evaluated the sensitivity of imaging studies in six IV drug abusers who had back 
pain from pyogenic sacroiliitis. Initial radiographs of the sacroiliac joints showed bone 
destruction in two. A third had slight joint narrowing and sclerosis resembling degen- 
erative disease. Radiographs were considered normal in three. Two of the patients with 
initially normal radiographs subsequently showed loss of cortices on follow-up studies 
within 2 weeks. All of the patients had increased activity on scintigrams (five were 
obtained with technetium-99m methylene diphosphonate; one was with gallium). 

The findings suggest that scintigraphy is useful in the detection of pyogenic sacroiliitis 
in IV drug abusers when plain films are normal. 


Before 1970, most of the reported pyogenic infections of the sacroiliac joints 
were caused by infections of the skin, bone, pharynx, pelvis, or heart or were the 
result of trauma [1, 2]. Since then, there has been a steady increase in the number 
of reported cases associated with IV drug abuse [3-5]. We studied six cases in 
whom pyogenic sacroiliitis was associated with IV drug abuse. 


Materials and Methods 


We reviewed the records of six patients with proved pyogenic sacroiliitis seen at Detroit 
Receiving Hospital from 1980 to 1986. The diagnosis was confirmed by bacteriologic 
examination of joint fluid or blood. 

The six patients included four women and two men, ranging in age from 25 to 56 years 
(average, 37 years). All were chronic IV drug abusers. Three had pain in the sacroiliac area; 
three had pain in the hip. The right side was involved in two patients and the left side was 
involved in four. 

All of the patients had radiographs of the sacroiliac joints. Four patients had follow-up 
radiographs 1 week to 2 years later. Six had scintiscans, five with °°"Tc methylene diphos- 
phonate (°"Tc-MDP) and one with gallium. In one patient, conventional tomograms of the 
sacroiliac joints and a CT scan of the abdomen were available for review. 

Three of the patients had aspiration of the sacroiliac joint. The aspirants grew Staphylo- 
coccus aureus, Fucobacterium, and Pseudomonas aeruginosa. Blood cultures in the other 
three grew Staphylococcus aureus. 


Results 


All six patients showed increased activity over the affected sacroiliac joint on 
scintigraphy (Fig. 1). Two of the six patients showed evidence of bone destruction 
on the initial radiographs with loss of cortical bone on both the iliac and sacral 
sides of the joint (Fig. 2). Two patients who initially had normal radiographs showed 
bone destruction on follow-up radiographs within 2 weeks (Fig. 3). A third patient, 
who was also normal on the initial examination, developed sclerosis without 
narrowing on the iliac side of the joint after a 7-month interval. In one patient 
conventional tomography of the sacroiliac joints and CT were performed around 
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Fig. 1.—*"Tc-MDP scintigram of pelvis in a 25-year-old male IV drug 
abuser with right sacroiliitis. Note increased activity on right side. 





Fig. 2.—Frontal radiograph of pelvis in a 29-year-old male IV drug abuser 
with pyogenic sacroiliitis. Note destruction of cortical bone and widening 
of joint on right. 





Fig. 3.—Radiograph of sacroiliac joints of patient in Figure 1 made 2 
weeks after scintigram. Note cortical destruction and widening of joint. 
Initial radiograph was normal. 
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Fig. 4.—CT scan of pelvis in a 54-year-old female IV drug abuser with 
pyogenic sacroiliitis. Bone-window setting shows loss of cortices of both 
sacral ard iliac sides of joint (arrowhead), causing apparent widening of 
joint. Retzoperitoneal abscess (arrow) disappeared with antibiotic therapy. 


the time of admission. The tomograms were normal. How- 
ever, CT disclosed loss of cortices and widening of the 
Sacroiliac joint (Fig. 4). 


Discussion 


The <adiologic diagnosis of pyogenic sacroiliitis remains a 
challenge. There are many contributory factors. The fre- 
quency is low. Only 96 cases have been described in the 
Englist-language literature [5]. Furthermore, the unique anat- 
omy of the sacroiliac joint results in an inflammatory process 
that may drain in multiple directions, Causing referred pain 
that may mimic intraperitoneal, retroperitoneal, hip, or other 
infectims [2, 3-6]. Some patients have had unnecessary 
abdominal exploration [2]. Finally, the initial radiographs are 
often rormal [1, 2, 4-6]. 

An early radiographic finding is destruction of the cortical 
margin of the inferior aspect of the sacroiliac joint. The iliac 
side appears to be involved first [1]. Rosenberg et al. [7] 
reported that “the sacral surface of hyaline Cartilage is thicker 
than tře ilial surface, and the earliest observed radiographic 
(bony)changes, therefore, usually involve the iliac side of the 
joint.” n 1934, Badgley [8], and more recently, Resnick and 
Niwayama [9] have provided another view. They believe that 
the suochondral circulation to the ilium is slow, resembling 
the situation in the metaphysis of long bones in children. 
Thus, hematogenous implantation at this site is to be ex- 
pectec; the ilium is the most frequently infected flat bone in 
the body. Our findings of early iliac bone involvement support 
these views. However, we cannot confirm whether the infec- 
tions started in the joint or in the ilium. 

Pyagenic sacroiliitis is almost always a unilateral process, 
although bilateral disease has been reported occasionally 
[4, 10. 

A normal radiograph of the sacroiliac joint does not exclude 
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pyogenic sacroiliitis. Scintigraphy is more sensitive for de- 
tecting eariy pyogenic sacroiliitis [4—6, 10, 11]. 
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Diagnostic Imaging of Child Abuse. Edited by Paul K. Kleinmar. Baltimore: Williams & Wilkins, 297 pp., 1987. 


$55.95 


Paul Kleinman has succeeded in producing a unique, excellent, 
and much needed text on the diagnostic imaging of child abuse. 
Increased public awareness of the scope and consequences of family 
violence in general and child abuse in particular has resulted in greater 
reporting of trauma that is suspected to be nonaccidental. A larger 
and more diverse group of health-care professionals are currently 
responsible for detecting and treating the abused infant and child. It 
is in this setting that Dr. Kleinman’s text fills a need. 

Subjects covered in the book include trauma of the extremities, 
thorax, spine, viscera, and CNS. Additional chapters cover miscella- 
neous forms of abuse and neglect, postmortem examination, differ- 
ential diagnosis of child abuse, child abuse and the law, psychosocial 
aspects of abuse, and technical considerations and dosimetry. 

The book is exceptionally well written, the layout is pleasing, and 
the illustrations are of high quality. Dr. Kleinman has successfully 
abstracted important and valid information from the multitude of 
published works on nonaccidental trauma. The literature and statis- 
tics on child abuse are often difficult to interpret because of imprecise 
reporting and frequent lack of admission of guilt by the abuser. 
Despite these problems, the text represents a scientific analysis of 
our current knowledge of nonaccidental trauma. 


While-the chapter on differential diagnosis of child abuse is good, 
it discusses mainly esoteric diseases. In my daily practice of pediatric 
radiology, the largest differential diagnosis of child abuse is acciden- 
tally incurred trauma, a topic not included in the text. Additionally, | 
find the discussion on radiation dose and exposure superfluous in 
the context of child abuse where the benefit/risk ratio is high. These 
minor crticisms in no way detract from the value of this work. 

| recommend the use of this text for all physicians who may have 
contact with the abused child. Specifically, pediatric radiologists, 
pediatricians, emergency room physicians, and the general radiolo- 
gists whose practice includes children would do well to familiarize 
themselves with this excellent text. 
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Flat Chest in Chronic 
Bronchopulmonary Dysplasia 





In patients with chronic bronchopulmonary dysplasia, the anteroposterior dimension 
of the chest on the lateral radiograph is often relatively narrow compared with the chest 
width on the frontal radiograph. A prospective comparison was made of pediatric clinic 
outpatients who had chest radiography during a 1-month period. Chest widths and 
thicknesses were measured from the anteroposterior and lateral radiographs, respec- 
tively, and a dimensionless ratio of width to thickness was calculated. The chest thus 
measured was significantly flatter (p < 107°) in 18 patients with chronic bronchopulmo- 
nary dysplasia than it was in 128 unaffected patients and in 18 unaffected age-matched 
patients; there was, however, considerable overlap in chest dimensions between pa- 
tients with and without bronchopulmonary dysplasia. We speculate that the abnormality 
results from a combination of demineralized bones, prolonged recumbent positioning, 
and chronic sternal retraction. It is plausible, but remains to be proved, that this chest 
wall deformity may be clinically deleterious because it interferes with respiratory me- 
chanics. 

This prospective comparison of patients with and without bronchopulmonary dysplasia 
shows that despite considerable overlap in chest dimensions, patients with broncho- 
pulmonary dysplasia tend to have a distinctive chest deformity whose measured differ- 
ence from control patients is statistically significant. 


In patients with pulmonary diseases in which air-trapping is common, such as 
asthma and cystic fibrosis, the radiographic chest configuration on the lateral view 
typically reveals an increased anteroposterior thickness, sometimes accompanied 
by kyphosis and forward-bowing of the sternum [1]. Bronchopulmonary dysplasia 
(BPD), the most common pulmonary sequel of neonatal respiratory distress and its 
therapy, is also a disease in which air-trapping and emphysema are usual [2, 3]. 
However, lateral chest radiographs of affected patients often reveal a decreased 
rather than increased anteroposterior thickness (Fig. 1). This abnormality of chest 
contour in patients with BPD has been briefly mentioned in describing the chest 
radiograph [4] and physical examination [5] of such patients, but has not been 
systematically investigated. This study was undertaken to examine the thoracic 
configuration of patients with chronic BPD. 


Subjects and Methods 


Pediatric clinic outpatients were admitted prospectively into this study if they had technically 
adequate frontal and lateral chest radiographs made for clinical reasons during the month of 
January 1987. Patients were diagnosed as having chronic BPD on the basis of clinical and 
historical criteria [6] and radiographic findings [7]. Patients in the non-BPD group, which was 
intended to provide control chest measurements, had a variety of other conditions; normal 
patients could not be obtained to define the non-BPD group because clinically normal patients 
were not radiographed. Patients were excluded from the study if they were diagnosed as 
having or suspected of having asthma, cystic fibrosis, wheezing for any reason (including 
bronchitis/bronchiolitis), congenital syndromes, chromosomal abnormalities, or congenital 
deformities of the chest wall or thoracic vertebrae. 


1214 EDWARDS AND HILTON AJR:149, December 1987 








A total of 183 patients were examined. Of these, 18 had chronic 
BPD (age, 97-1886 days; mean, 444 days). Of the non-BPD group, 
27 were excluded for asthma, cystic fibrosis, or wheezing and 10 for 
thoracic vertebral or other bony chest anomalies, leaving a control 
group of 128 patients (age, 7-5945 days; mean, 1311 days). A 
subset of the control group was also examined; their ages were 
individually matched as closely as possible to the ages of the BPD 
patients (18 patients; age, 92-1796 days; mean, 437 days). This 
subset was examined to minimize the effects of the patient's age; 
the larger population of non-BPD patients was examined to provide 
a representative sampling of chest dimensions in a fairly large, general 
population of pediatric outpatients at a tertiary care center and to 
examine effects of age on chest dimensions. 

The most common reason for radiography in the control group 
was possible pneumonia (cough and/or unexplained fever, 61 pa- 
tients). The second largest subset of the control group was congenital 
heart disease (30 patients), followed by tumor surveillance (nine 
patients), hematologic disorders (nine patients), heart murmur that 


Fig. 1.—Flat chest in chronic bronchopulmonary dysplasia. 

A and B, Anteroposterior and lateral views of a 7-month-old outpatient with 
mild bronchopulmonary dysplasia; metallic clip was placed during ligation of 
a patent ductus arterious. 

C, Lateral view of a 6-month-old outpatient with chronic bronchopulmonary 
dysplasia of moderate severity; chest is markedly flattened. 

D, Lateral view of a radiographically normal 6-month-old infant, presented 
for comparison. 


proved innocent (seven patients), positive skin test for tuberculosis 
(three patients), and miscellaneous problems (nine patients). 

Patients who were too young to cooperate were radiographed in 
a supine position with a film-focal spot distance of 40 in. (102 cm); 
the frontal view was anteroposterior. Older patients were filmed 
upright, with a film-focal spot distance of 72 in. (183 cm); the frontal 
view was posteroanterior. All lateral views were left lateral projec- 
tions. 

The radiographic width of the chest was measured between the 
inner margins of the ninth ribs on the frontal view. The thickness of 
the chest on the lateral view was measured from the lowest anterior 
extent of the right lung to its posterior margin, along a line perpendic- 
ular to the central axis of the chest, with the central axis defined as 
a line extending from the apex to bisect the thorax at its base (Fig. 
2). The right lung was employed because its most anterior and 
posterior borders could be more easily identified than those of the 
left lung. External measurements were not taken because of varia- 
tions in soft-tissue thickness. This method was chosen because it 
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Fig. 2.—Sketch of two stylized right lungs in lateral projection (left: 
typical patient without BPD, right: typical BPD patient); “b” is central axis 
bisecting thorax: “a” extends from lowest anterior portion of right lung to 
its posterior margin and is drawn perpendicular to “b.” Thickness of chest 
measured in this study is denoted by “a.” 


was thought to be fairly reproducible and to reflect the thickest 
portion of the chest in both normal patients and those with BPD. 

To obtain an estimate of relative chest width to thickness, a 
dimensionless ratio was formed of chest width (anteroposterior view) 
to thickness (lateral view). We compared this ratio, which increases 
with increasing relative flatness of the chest, in patients with and 
without BPD. 

Statistical analyses included the Student t test, linear regression, 
and the method of percentiles [8]. A confidence level of p < .05 was 
accepted as significant. 


Results 


To estimate the homogeneity of the control group, the ratio 
of chest width to thickness (W/T ratio) of the group with 
possible pneumonia was compared with that of the other 
control patients (who did not have possible pneumonia), and 
the W/T ratio of the group with congenital heart disease was 
compared with that of the other control patients (who did not 
have congenital heart disease). These groups were selected 
because they constituted the largest definable subgroups of 
the control patients. The mean W/T ratio in 61 patients with 
possible pneumonia was 1.39, as compared with 1.41 in the 
remaining 67 control patients; the mean ratio was 1.42 in 30 
patients with»congenital heart disease, as compared with 1.39 
in the remaining 98 control patients. Neither of these differ- 
ences was significant (respectively, p = .17 and p = .20). No 
significant difference in age was found between the age- 
matched controls and the BPD group (p = 0.99). 

In the control group, there was a slight but significant 
tendency for the W/T ratio to increase with increasing age 
(coefficient of correlation r = .22; p < .05; the regression line 
predicts a W/T ratio of 1.38 at 20 days and of 1.46 at 5000 
days). The W/T ratio did not vary significantly with age in the 
group with BPD (r = .19) or in the age-matched control group 
(r = .15). The W/T ratio was not affected by the patient's 
gender in any group. 

In the entire control group, the mean W/T ratio was 1.399 
(SD = 0.105); the ratio was 1.411 in the age-matched control 
group (SD = 0.066). The mean ratio among BPD patients 
was 1.691 (SD = 0.181), a value significantly higher than that 
in either of the control groups (p < 10°°). 
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Among the control patients, the 2.5 percentile leve! of the 
W/T ratio was 1.203 and the 97.5 percentile level was 1.681 
(range = 1.17-1.76). Eleven of the 18 BPD patients had W/T 
values below the control 97.5 percentile level (range of BPD 
patients = 1.41 to 2.06). 

Only one patient with BPD had an anteriorly bowed sternum 
suggestive of cystic fibrosis or severe asthma; the remainder 
had chests in which the widest point was at the thoracic base 
and whose configuration on the lateral radiograph varied along 
a spectrum from normal to markedly flattened. In none of the 
BPD patients were upper airway abnormalities suggested 
either radiographically or clinically, and none was thought to 
have congenital pectus excavatum. 

Subjectively, the extent of chest flattening did not appear 
to be related to either the radiographic severity of BPD or the 
extent of bone mineralization at the time of evaluation; how- 
ever, neither of these features was systematically evaluated. 


Discussion 


The data show that patients with chronic BPD may have 
chest walls that are mildly to markedly deformed by antero- 
posterior flattening. The degree of flattening occurs in a 
continuum of severity that overlaps with unaffected patients; 
indeed, 61% of BPD patients had a W/T ratio that fell within 
the limits of normal defined by the 97.5 percentile level of the 
control patients. Nevertheless, the statistical difference from 
unaffected patients is striking (p < 107°), as is the appearance 
of the lateral chest radiograph in the patients chest flattening 
(Fig. 1). 

The cause of chest flattening in BPD is unknown. The 
bones of many infants in the early, hospitalized stages of BPD 
are fragile and easily broken during routine handling and chest 
physiotherapy [9, 10], possibly because of prematurity [11] 
or calciuria resulting from extended furosemide therapy [12]. 
Prolonged recumbency, combined with demineralized and 
sometimes fractured ribs, may contribute to chest flattening. 
Chronic sternal retraction, which is common in respiratory 
distress of any cause in infants, is another possible primary 
or secondary etiologic factor. Pectus excavatum has been 
described secondary to upper airway obstruction [13]; how- 
ever, upper airway disease was not present in our patients 
with BPD. 

It is reasonable to speculate that affected children, many 
of whom have marginal pulmonary status because of their 
BPD, might suffer further deleterious effects from an abnormal 
chest shape that degrades respiratory dynamics. Congenital 
pectus excavatum, which produces a radiographic picture 
that resembles that seen in some of our BPD patients, is 
known to be associated with defective lung ventilation and 
perfusion [14]. A flat chest in BPD might cause similar im- 
pairment, but further investigation is needed to explore this 
possibility. 
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Case Report 





Intratracheal Thymus: A Rare Cause of Airway Obstruction 


Kenneth W. Martin' and William H. McAlister 


Submucosa! ectopic thymus is an extremely rare cause of 
a subglettic tracheal mass. One case has been reported 
previously [1]. We report here a second case and review the 
subject ef ectapic thymus as a cause of airway obstruction. 


Case Report 


A 4-month-old girl was evaluated for a 3-day history of progressive 
wheezing. On physical examination she had moderate respiratory 
distress with inspiratory stridor and expiratory wheezing. She was 
afebrile without signs of respiratory infection. Plain films and fluoro- 
scopic examination of the airway showed fixed, asymmetric left 
subglottic narrowing of the airway (Fig. 1A). 

With apresumptive diagnosis of subglottic hemangioma, laryngos- 
copy was performed and revealed a normal epiglottis and normal 
pyriform sinuses and vocal cords. A firm, yellowish, left subglottic 
mass was seen in the trachea (Fig. 1B). Although the mass was 
submucosal, it did not have the typical reddish compressible char- 
acter of hemangiomas. Tracheotomy was performed to alleviate 
airway obstruction. 

A CT scan was obtained the next day and defined a poorly 
enhancing mass either within or medial to the superior pole of the left 
lobe of the thyroid gland. The mass abutted and narrowed the 
subglottic trachea and interposed itself between the trachea and 
esophagus (Figs. 1C and 1D). 

At surgery, a fieshy-white, relatively avascular mass was found 
between the left upper pole of the thyroid and the trachea extending 
posteriorly into the tracheoesophageal groove. The mass was com- 
pletely resected and submitted for frozen pathology and later per- 
manent sections, both of which revealed ectopic thymus. Intraoper- 
ative laryngoscopy and bronchoscopy, however, revealed no change 
in the appearance of the intratracheal mass. The larynx and trachea 
were therefore incised anteriorly, and an obvious mass between the 
perichondrium of the cricoid cartilage and the mucosa of the subglottic 
trachea was resected. It was believed that the intra- and extratracheal 
components were connected by a thin stalk. Permanent microscopic 
sections of the intratracheal lesion revealed benign thymic 


tissue admixed with submucosal glands without evidence of hyper- 
plasia. 


Discussion 


The thymus is a composite of tissue derived from the third 
and fourth pharyngeal pouches (thymus Ill and thymus IV, 
respectively). Thymus III originates in the ventral sacculation 
of the third pouch during the sixth embryologic week. Paired, 
epithelial, lined ventral outpouchings (the thymopharyngeal 
ducts) elongate and migrate anteromedially and caudally to- 
ward the heart, attach to the pericardium, and eventually form 
the right and left lobes of the adult thymus [2, 3]. The fourth 
pharyngeal pouch gives rise to thymus IV, which either fuses 
with thymus Ill during its migration or gives rise to small 
nodules of isolated thymic tissue. These nodules are usually 
in contact with or are within the thyroid gland and may be 
part of a parathyroid-thymic complex [4]. 

Ectopic or aberrant thymus refers to any thymic tissue in a 
location other than the anterior mediastinum. Several mech- 
anisms exist for the formation of ectopic thymus including 
failure of regression, arrested descent, aberrant migration, 
and ectopic origin. Failure of regression of the thymopharyn- 
geal ducts resulting in cervical thymic masses or cysts was 
once though to be a rare occurrence. However, autopsy 
studies have shown cordlike or nodular thymic remnants 
extending at least to the level of the thyroid in 57% neonates, 
with the “normal,” completely intrathoracic thymus found in 
only 6% of cases [5]. Most reported cases of cervical thymic 
masses or cysts probably arise from these thymus-lll rem- 
nants, but in most patients this tissue remains clinically un- 
apparent. Arrested descent of one or both lobes of the thymus 
results in a cervical thymic mass situated above or at the 
thoracic inlet along the normal course of thymic descent. The 
corresponding intrathoracic component is absent, and this 
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distinguishes this group from a regression failure. 

Aberrant migration occurs when thymic tissue deviates 
from its normal path of descent, such as in ectopic thymus in 
the posterior neck, posterior mediastinum, and posterior to 
the esophagus [6]. These masses may be isolated or contig- 
uous with the main body of the gland and may compromise 
adjacent structures such as the trachea and esophagus [7]. 

Ectopic origin refers to thymus arising in locations other 
than the third and fourth pharyngeal pouches. The best 
examples are thymic nodules associated with the ear and 
other first- and second-pouch derivatives [8, 9]. These nod- 
ules may be lined with squamous epithelium if cystic. Rare 
examples include an ectopic thymic mass in the small intestine 
and thymic tissue associated with an intrapulmonary dermoid 
cyst [10]. Our patient and one other reported case of an 
intratracheal submucosal mass may fall into the ectopic origin 
group, although both patients had extratracheal masses. The 
Surgeon saw that ectopic thymus IV extended through tra- 
cheal cartilage rings into the submucosa by a thin stalk in our 
patient. 

Ectopic thymus generally does not cause airway obstruc- 
tion. The frequency of respiratory distress is greater with 
reported cases of solid thymic masses than with cystic 
masses. This is probably due in part to the later age of 
presentation for cystic masses and their usual location along 
the carotid sheath in the neck. Obstruction by ectopic thymic 
masses caused by extrinsic compression is more likely to 
occur with larger lesions in the cervical area, masses at the 
thoracic inlet, and aberrant mediastinal thymuses that by 





Fig. 1.—A, Anteroposterior radiograph of 
neck shows asymmetric subglottic tracheal nar- 
rowing on left (arrows). 

B, Laryngoscopic view of subglottic mass. L 
= left, R = right, ac = anterior commissure, fc = 
false vocal cords, tc = true vocal cords, M = 
subglottic mass. 

C and D, Consecutive, 2-mm-thick, contrast- 
enhanced CT scans. a = carotid artery, v = 
jugular vein, t = thyroid, M = mass. Asymmetric 
tracheal narrowing (arrow) is seen in C. Note 
absence of left upper pole of thyroid gland, 
which has been displaced inferiorly. In D, inho- 
mogeneous soft-tissue mass (M) is shown aris- 
ing in or medial to left upper pole of thyroid 
gland. 


virtue of their location compress or encase the trachea or a 
mainstem bronchus [11]. Intrinsic airway obstruction can be 
caused by ectopic submucosal thymic masses in the pharynx 
or trachea. One patient had a polypoid stalked mass arising 
in the pyriform sinus, a fourth pharyngeal pouch derivative. 
At the time of diagnosis, this mass had prolapsed into the 
mouth but had not obstructed the airway [12]. 
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MR Imaging in Clinically 
Suspected Brachial Plexus Tumor 





We performed MR studies on 47 patients who were suspected of having brachial 
plexus involvement with tumor. Twenty-two of these patients had signs and symptoms 
suggesting brachial plexus tumor; 25 had known tumors that were juxtaposed to the 
brachial plexus but that could easily extend into the brachial plexus. These patients had 
no signs or symptoms. Using a 1.5-T clinical imaging system, we obtained single echo 
(T1- and T2-weighted) or double-echo (intermediate-weighted and T2-weighted) images 
in the coronal plane and supplemented these by images in the axial or sagittal planes. 
MR imaging encompassed the entire brachial plexus including roots, trunks, and cords. 
The imager body coil and a variety of surface coils were used for signal reception. MR 
findings were confirmed by surgery (n = 12) or response to radiation therapy on follow- 
up imaging (n = 3) in cases in which there was tumor involving the brachial plexus and 
by surgery (n = 9) or follow-up (n = 23) in cases in which there was no brachial plexus 
tumor. MR correctly identified all 15 cases of tumor involving the brachial plexus in 
patients with suggestive signs and symptoms; MR also correctly showed no tumor 
involvement in seven patients who had suggestive signs and symptoms. In 25 patients 
with no neurologic signs or symptoms, MR correctly identified tumor outside the brachial 
plexus that did not involve the brachial plexus. 

This study indicates that MR may have substantial clinical utility in evaluating patients 
for suspected brachial plexus tumor, particularly in patients with suggestive neurologic 
signs and symptoms. 


While several reports have described CT of the brachial plexus region [1-11], 
experience with MR has been more limited [12-15]. Because the brachial plexus 
is oriented in the coronal plane, the ability of MR to image in the coronal plane and 
its superior contrast for soft tissues suggests it may be useful in this region. We 
evaluated the ability of MR to detect tumor in the brachial plexus including its 
extent in the neck (roots), supraclavicular region (trunks), and axilla (cords). Imaging 
all three portions of the brachial plexus is important since clinical localization of 
tumor based on neurologic signs and symptoms may be difficult. Tumor may also 
involve the brachial plexus without producing symptoms but in a manner that 
precludes surgical removal. We used MR to study 47 patients who were suspected 
of having tumor involvement of the brachial plexus either because they had 
neurologic signs and symptoms or because they had known, closely juxtaposed 
tumor without signs or symptoms. MR results were correlated with surgical findings 
and clinical outcome. 


Materials and Methods 


MR was performed on 47 sequential patients who were suspected of having tumor in the 
brachial plexus over a 1-year period at the University of Washington Hospital. Twenty-two of 
these patients had signs or symptoms (including arm motor weakness, pain, or paresthesia) 
suggesting brachial plexopathy (Table 1). Twenty-five patients had no plexus signs or 
symptoms but did have juxtaposed tumors of the neck, supraclavicular region, chest, or 


TABLE 1: Patients with Signs and Symptoms Suggesting 
Brachial Plexus Tumor Involvement 


SS 


MR Findings and Final Diagnoses Msi 
Brachial plexus tumor involvement (15 cases) 

Superior sulcus tumor 3 
Primary lung carcinoma (2) 

Metastatic breast carcinoma (1) 

Supraclavicular adenopathy 4 
Lymphoma (2) 

Lung carcinoma (1) 
Metastatic sarcoma (1) 

Axillary tumor 5 
Breast carcinoma, adenopathy (3) 
Malignant fibrous histiocytoma (2) 

Transverse process (T1) chondroma 

Neurofibromatosis 

Tumor without brachial plexus involvement 
(4 cases) 

Humerus chondrosarcoma 2 

Humerus osteonecrosis 1 

Shoulder lipoma 1 

Normal MR examination 3 
22 


Total 


N — 


shoulder that might easily extend into the brachial plexus. In these 
25 patients, MR was performed as part of staging before selecting 
surgery, chemotherapy, or radiation therapy since involvement of the 
brachial plexus might affect choice of therapy. 

All MR studies were performed on a 1.5-T clinical imaging system 
(General Electric, Milwaukee, WI). Twenty-six percent of the patients 
were scanned by using single-echo T1-weighted images (TR/TE = 
600-800/20-30 msec) plus single-echo T2-weighted images (TR/TE 
= 1800-2000/60-80 msec). The remainder (74%) were scanned 
using a double-echo sequence with both intermediate and T2 weight- 
ing (TR/TE = 2000/20/80 msec). Imaging was performed in the 
coronal plane in all but one patient, in the axial plane in 83% of the 
patients, and in the sagittal plane in 6%. Anatomic coverage extended 
from C3 to T2 and from spinous processes to the sternum so that 
the entire region of roots, trunks, and cords could be included (Fig. 
1). Slices 5 mm thick were used for nearly all sequences; a few of 
the axial sequences used slices 10 mm thick. Spacing between slices 
varied between 1.5 and 3 mm. All sequences used two repetitions 
and a 256 x 256 matrix; none used cardiac or respiratory gating. 
Signal reception was with the imager body coil in 68% of sequences, 
with a rectangular planar surface coil (“license plate,” General Electric, 
Milwaukee, WI) placed transversely behind the cervicothoracic junc- 
tion in 32%, and with loop-gap surface coils (“tandem axial pair” or 
“butterfly,” Medical Advances, Milwaukee, WI) in 11%. More than 
one receiver coil was used in several patients. 

MR studies were reviewed by two of the authors who had no other 
knowledge about the patients. Normal roots, trunks, and cords of 
the brachial plexus appeared as dark linear structures Surrounded by 
adjacent fat on both T1- and T2-weighted images (Fig. 2). Tumor 
Surrounding, obscuring, or contiguous with the margin of any portion 
of the brachial plexus was interpreted as positive for involvement 
(Figs. 3-5). Written radiographic reports, surgical reports, and pa- 
tients’ records were also reviewed independent of MR results. The 
MR and other findings were then compared. 

Twenty-one patients had surgery within 2 weeks of having MR 
Studies (12 had signs and symptoms, nine did not), which included 
assessment for brachial plexus involvement with tumor. Twenty-six 
patients had clinical follow-up for 4-15 months after having an MR 
Study; three of the 26 had follow-up for 4-6 months and 23 for more 
than 6 months. Ten of the 26 with clinical follow-up had signs and 
symptoms and had subsequent imaging as part of evaluation for 
response to nonsurgical therapy. Sixteen of the 26 had no signs or 
symptoms during the study and throughout the follow-up period. 
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Fig. 1.—Roots of brachial plexus exit neck with subclavian artery (SCA) 
between scalenus anterior (AS) and medius (MS) muscles. Scalenus pos- 
terior (PS) muscle lies posterior to trunks. Subclavian (SCV) vein is anterior 
to scalenus anterior. Note location of trunks relative to clavicle and location 
of cords relative to axillary artery. Right clavicle and left scalenus anterior 
muscle have been removed. 


Results 


MR studies were positive for brachial plexus tumor involve- 
ment in 15 patients and were negative for brachial plexus 
involvement in 32 patients. Of these 32, 29 had pathology 
identified by MR outside the brachial plexus (Fig. 6) and three 
were normal by MR. Tumor involving the brachial plexus was 
lower in signal than adjacent fat on T1- and intermediate- 
weighted images. Such tumor had relatively high intensity on 
T2-weighted images in 12 of the 15 patients. Three of the 15 
patients had low-intensity tumors on T2-weighted images; 
two of these three had malignant fibrous histiocytomas and 
one had adenopathy from desmoplastic breast carcinoma. 

Of the 22 patients with signs and symptoms referable to 
the brachial plexus, MR was positive for tumor involvement 
in 15 (Table 1). Surgery documented the presence of tumor 
involving the brachial plexus in 12 of these 15. Three of these 
15 had metastatic tumor to the brachial plexus (with biopsy- 
proved primary malignancies) and were treated with local 
radiation; all three had some shrinkage of brachial plexus 
tumor and symptomatic improvement after radiation. In four 
of the 22 symptomatic patients, MR identified disease outside 
the brachial plexus: two had surgically proved humeral head 
tumors, one had an axillary lipoma, and one had humeral 
head osteonecrosis. Three of the 22 symptomatic patients 
had normal MR studies; the final diagnoses in these three 
patients were syrinx, Raynaud syndrome, and conversion 
reaction. 

Of the 25 patients without signs or symptoms referable to 
the brachial plexus, MR was positive for tumor involvement 
of the brachial plexus in none. In all 25, MR identified juxta- 
posed tumors in the chest, shoulder, neck, or mediastinum 
(Table 2). Nine of the 25 had absence of brachial plexus 
involvement confirmed at surgery (performed to resect the 
tumors); 16 of the 25 were negative for plexus involvement 
on follow-up. 


Discussion 


Clinical evaluation for tumor involvement of the brachial 
plexus may be difficult since several types and sites of disease 
may produce similar signs and symptoms. If regional tumor 





Fig. 2.—MR images of normal brachial plexus (TR/TE = 2000/20 msec, transverse rectangular 


surface coil). 


A, Nerve roots (arrowheads) form trunks (straight arrows) superior to subclavian artery (curved 
arrows). Scalenus medius muscle (M), omohyoid muscle (0), subclavian vein (V). 
B, Trunks become cords near axilla (arrows). Note roots of T1 (arrowheads). 


Fig. 4.—MR images of surgically 
proved right superior sulcus metastatic 
breast carcinoma with trunk involve- 
ment. 

A, TR/TE = 2000/20 msec, trans- 
verse rectangular surface coil. Left C7 
and C8 roots and right T1 root (arrow- 
heads) are intact. Scalenus medius 
muscle (M). 

B, TR/TE = 2000/80 msec. 5 mm 
posterior to A. High-signal-intensity tu- 
mor (solid arrow) at right superior sul- 
cus obscures right trunk. Left lung me- 
tastasis abuts aortic arch (open arrow). 
Posterior scalene muscle (P), scalenus 
medius muscle (M). 


A 


does not involve the brachial plexus, surgical removal may be 
possible. However, involvement of the brachial plexus may 
preclude surgical removal, necessitating radiation or chemo- 
therapy. When tumor involves only a limited portion of the 
brachial plexus, localization of the involved portion may be 
difficult by clinical means alone. In such circumstances, local- 
ization by imaging may be useful for planning radiation therapy 
(after response to chemotherapy) or for gauging prognosis. 

The brachial plexus begins in a superior, medial, posterior 
position (C5-T1 nerve roots) adjacent to the neural foramina. 
Because of the !ordotic curve of the cervical spine, the more 
superior nerve roots are anterior to the inferior roots. The 
upper roots pass inferiorly, laterally, and anteriorly to exit the 
neck between the scalenus anterior and scalenus medius 
muscles; the C8 and T1 roots may run superiorly for a short 
distance (Fig. 1). In the supraclavicular region the roots merge 
to form the trunks, which then pass laterally and inferiorly to 
split in the infraclavicular and axillary region and form the 
cords. The cords are positioned around the axillary artery and 
are named by their relationship to that vessel (lateral cord, 
medial cord, and posterior cord). The cords transit the axilla 
a short distance and divide to form the individual nerves of 
the upper arm. 

Given the anatomic orientation of the brachial plexus, the 


Fig. 3.—MR image of surgically proved root 
compression by osteochondroma of left T1 
transverse process. TR/TE = 2000/20 msec, 
transverse rectangular surface coil. Right roots 
(arrowhead) exit normally, but left T1 root is 
obscured by tumor (arrow) arising from trans- 
verse process. 





ideal plane for imaging might be a tilted coronal plane with its 
superior portion slightly more anterior than its inferior portion. 
With the software available at the time of this study, we were 
not able to do angled coronal imaging; however, stacked true 
coronal slices with small gaps between them showed the 
brachial plexus well. Axial cuts through the region occasionally 
improved understanding of anatomic relationships. Fat in the 
base of the neck, supraclavicular region, and paraspinous 
area provided good natural contrast so that both neural tissue 
and tumor were readily apparent on MR. Neural tissue was 
dark on all sequences and contrasted well with adjacent fat; 
spatial relationship between tumor and neural tissue was 
rarely difficult to ascertain. While most tumors were bright on 
T2-weighted images, a few were relatively dark, presumably 
because of fibrotic tissue in the tumor. 

In this series, MR findings correlated well with findings at 
Surgery and on Clinical follow-up. MR correctly identified all 
15 patients with tumor involving the brachial plexus. While all 
of these patients also had signs and symptoms suggestive of 
brachial plexus involvement, seven patients with similar signs 
and symptoms did not have brachial plexus tumor. MR was 
useful in separating these two symptomatic groups. MR also 
correctly identified 25 patients with tumor juxtaposed to the 
brachial plexus but without direct involvement. 
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TABLE 2: Patients with Tumors and No Symptoms Suggesting 
Brachial Plexus Involvement 





— No. of 
MR Findings (Final Diagnoses) Patients 

Clavicle tumor (metastasis) 1 
Chest-wall tumor (lung carcinoma) 2 
Vertebral body tumor (metastasis) 1 
Mediastinum tumor and adenopathy (lung 

carcinoma) 5 
Postoperative tumor (chest-wall scar) 2 
Lung tumor (lung carcinoma) 6 
Neck tumors (parotid, laryngeal, face carci- 

nomas) 7 
Shoulder tumor (sarcoma) 1 

Total 20 





Similar results have been described by Kneeland et al. 
[15]. These authors evaluated nine patients with suspected 
supraclavicular masses; they used the same imaging system 
but with a small round surface coil taped to the anterior upper 
chest. In our series, tumor was often localized to a more 
medial and posterior (paraspinous) region or to the axilla; we 
found that a large rectangular coil placed transversely behind 
the patient's back and neck provided a broader field of view 
that included the paraspinous and axillary regions as well as 
the retroclavicular region. We also found that body coil coronal 
plane imaging covered the entire brachial plexus region bilat- 
erally, often with adequate resolution to identify relevant 
neural structures. 

Although it was not the purpose of this study to determine 
optimal MR technique for brachial plexus imaging, we did 
make several observations. With our imaging system, a dou- 
ble-echo sequence using a TR of 2000 msec provided good 
anatomic delineation on the intermediate-weighted images 
(TE = 20 msec) and reasonably good delineation of tumor on 
the T2-weighted images (TE = 80 msec). When a 256 x 256 
matrix and two excitations were used, a coronal sequence 
required approximately 17 min; thin (5-mm) slices were most 
useful for delineating fine brachial plexus neural structures; a 
small interslice skip gap (1.5 mm) was used. Body-coil recep- 
tion provided adequate resolution for imaging the brachial 
plexus, but resolution could be improved by using the rectan- 
gular “license plate” surface coil oriented transversely behind 
the patient's back. Using the surface coil also significantly 
reduced wraparound artifacts from the shoulders. Although 





Fig. 5.—MR image of surgically 
proved trunk involvement. TR/TE = 
2000/20 msec, rectangular surface 
coil. Normal right trunks (/arge arrow- 
heads). Left trunks obscured by ade- 
nopathy (n) from lymphoma. Nerve 
roots (small arrowheads). Clip artifact 
from node biopsy (white arrow). 


Fig. 6.—MR image of a humeral 
chondrosarcoma in a patient with right 
arm pain. Normal brachial plexus. Nor- 
mal trunk (arrowheads) and root (ar- 
row). Subclavian artery (curved arrow). 
Scalenus medius muscle (M). 


this sumface coil provided adequate coverage for the entire 
brachial plexus region in all planes, sensitivity was not uniform 
on axial images in the anteroposterior direction, a minor 
problem. 

This series was not prospective; several different se- 
quences and receiver coils were employed. The absence of 
brachia! plexus involvement was not surgically proved in all 
cases and clinical follow-up was not protracted in some of 
the cases. However, this series does indicate that MR may 
become important for evaluating suspected brachial plexus 
tumor, Darticularly in patients with suggestive neurologic signs 
and symptoms. 
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Hemorrhagic Neoplasms: MR Mimics 
of Occult Vascular Malformations 





The MR scans of 24 patients who had findings previously reported to be characteristic 
of occult cerebral vascular malformations were reviewed to demonstrate that such 
findings may also occur in primary or secondary neoplasms. Eighteen of the 24 patients 
were found to have hemorrhagic neoplasms. Additional criteria, such as multiplicity of 
lesions and the presence of edema, were of some help in differentiating between occult 
vascular malformation and hemorrhagic neoplasm. In certain cases, CT was necessary 
to provide further information, such as the presence of calcification; however, an 
absolute and accurate diagnosis was impossible in several cases. The striking similarity 
on MR between cryptic vascular malformation and some hemorrhagic neoplasms is 
most likely due to the unifying mechanisms that underlie the evolution of extravascular 
intracerebral blood. 

Although the preponderance of neoplastic etiologies in our series may be partly due 
to the strong bias in our sample population toward patients with tumors, it seems clear 
that when an MR scan discloses findings “typical” of an occult vascular malformation, 
consideration must also be given to the generally more serious possibility of underlying 
neoplasm. 


Recently, several reports have appeared that describe the MR appearance of 
angiographically occult vascular malformation of the brain [1-5]. These lesions 
typically consist of central foci of high-intensity signal, thought to be most consistent 
with subacute to chronic hemorrhage, surrounded by a peripheral zone of low 
intensity, attributed most frequently to the paramagnetic effect of hemosiderin 
deposition. This characteristic appearance is distinctive and has been described as 
specific and virtually pathognomonic of cryptic vascular malformation [2, 6].* 

We saw a large number of lesions with the “typical” MR features of angiograph- 
ically occult vascular malformations; however, by pathologic or clinical criteria, the 
majority of these abnormalities were found to be hemorrhagic neoplasms. This 
report describes our experience and suggests certain criteria that may help to 
specify the actual etiology of lesions that have this appearance on MR. 


Materials and Methods 


The MR scans of 24 patients with lesions thought to be consistent with angiographically 
occult vascular malformations were reviewed. Criteria for inclusion in this study consisted of 
two patterns: 

1. A central cystic focus or foci of isointensity or high-intensity signal on both T1- and T2- 
weighted images, with peripheral hypointensity surrounding the central focus of signal. 

2. A focus of low-intensity signal, fading peripherally, on both T1- and T2-weighted images, 
less than 1 cm in diameter, without associated foci of isointensity or high intensity. 

MR imaging was performed on a superconductive scanner operating at 1.5 T. Each patient 
received both T1-weighted (TR 600 msec, TE 20 msec), proton density and T2-weighted (TR 
2000 msec, TE 35/70 msec) spin-echo pulse sequences, with two excitations. Multislice data 
acquisition was used to acquire 5-mm-thick slices, separated by a gap of 2.5 mm. The matrix 
was 256 x 256. 





* The term vascular malformation is used here to include cavernous hemangioma, capillary telangi- 
ectasia, arteriovenous malformation, and venous angioma. Of these, cavernous hemangioma fits the 
pathologic criteria most consistent with the MR appearance [2, 6]. 
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All patients were also studied with CT. Scans were obtained 
without and with contrast. in 13 of the 24 patients, there was surgical 
verification of their lesions. The remaining patients were followed for 
up to 1'% years, both clinically and with repeat MR and/or CT scans. 
Ages of the patients ranged from 10-75 years; there were 14 men 
and 10 women. 

Fifteen of the patients had known systemic malignancies at the 
time of their imaging studies. There were eight cases of melanoma, 
two of lung carcinoma, two of colon carcinoma, and one case each 
of breast carcinoma, choriocarcinoma, and metastatic teratoma. 
None of these patients had a history of cerebral metastasis and none 
had received prior radiation therapy to the central nervous system. 
Evaluation was prompted by symptomatology. Headache was the 
most frequently encountered symptom, with seizures or focal neu- 
rologic deficit much less common. 
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Nine of the patients had no known systemic malignancy. One of 
these patients was studied as follow-up for known primary glioma. 
The remaining eight patients had nondescript symptoms consisting 
of headache or nausea. Two of these also had focal neurologic 
deficits or seizures. 


Results 


Six of the 24 cases proved to be occult vascular malfor- 
mations. Five of these were demonstrated at surgery. The 
sixth patient had no clinical or radiologic symptoms during 
follow-up over the next 11⁄2 years and had no known systemic 
malignancy or focal sign. This patient's headache also re- 
solved after treatment for migraine. 


TABLE 1: Comparison of CT Appearance of Different Pathologic Entities” 
eer AOTT nanan eaneeeeeeee meee OTEA SBA teen nnn nan ane TNT TOO 


Cryptic 
Vascular 
GT Appearance Malformation 

(n = 6) 

1. Calcification 2/9 lesions 
2/6 cases 

2. Hyperdense, without calcification, 5/9 lesions 
precontrast 3/6 cases 

3. Hypodense, precontrast 1/9 lesions 
1/6 cases 

4. lsodense, precontrast 1/9 lesions 
1/6 cases 

5. Ring lesion, precontrast 0/9 lesions 
0/6 cases 

6. Enhancement 9/9 lesions 
6/6 cases 

7. Negative scan 0/9 lesions 
0/6 cases 


Primary Cerebral 


Metastasis 
Neoplasms a 
(n = 3) (n = 15) 

2/3 0/42 lesions 
0/15 cases 

0/3 20/42 lesions 
7/15 cases 

2/3 2/42 lesions 
1/15 cases 

1/3 10/42 lesions 
4/15 cases 

0/3 2/42 lesions 
2/15 cases 

3/3 34/42 lesions 
13/15 cases 

0/3 8/42 lesions 


2/15 cases 


ST TT TER TT aT TT O ESER E ESTUARINE 


* For cryptic vascular malformation and cerebral metastasis, the number of lesions is listed separately from the number of cases because certain cases contained 


multiple lesions with different appearances. 


TABLE 2: Comparison of MR Appearance of Different Pathologic Entities” 
RE ERT TELESALES N TLE EA LA DAO D SCALE TELE TELE ENT aaa TTT EDTA a TT LE AER LA ELIDED TINIE EAS ST AEST TOTEM i aha EU NRE 


Cryptic 
Vascular 
MR Appearance Malformation 
E E A EA E AEEA. z3 A 
T1 Weighting 
1. Isointense or hyperintense, central 8/9 lesions 
focus 5/6 cases 
2. Hypointense throughout lesion 1/9 lesions 
1/6 cases 
3. Hypointense rim 8/9 lesions 
5/6 cases 
T2 Weighting 
1. lsointense or hyperintense, central 8/9 lesions 
focus 5/6 cases 
2. Hypointense throughout lesion 1/9 lesions 
1/6 cases 
3. Hypointense rim 8/9 lesions 
5/6 cases 
4. Edema 2/9 lesions 
2/6 cases 


Primary Cerebral Cerebral 
Neoplasm Metastasis 
(n = 3) (n = 15) 
3/3 42/42 lesions 
15/15 cases 
0/3 0/42 lesions 
0/15 cases 
3/3 38/42 lesions 
12/15 cases 
3/3 42/42 lesions 
15/15 cases 
0/3 0/42 lesions 
0/15 cases 
3/3 42/42 lesions 
15/15 cases 
1/3 35/42 lesions 
12/15 cases 


* For cryptic vascular malformation and cerebral metastasis, the number of lesions is listed separately from the number of cases because certain cases contained multiple lesions with 


different appearances. 
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Eighteen of the 24 cases were believed to be hemorrhagic 
neoplasms. Of these, 10 were proven by surgical pathology. 
The remaining eight cases were considered valid on the basis 
of clinical criteria. These eight consisted of patients with 
known extensive metastases elsewhere from systemic malig- 
nancies. The CT and MR findings are summarized in Tables 
1 and 2. 


Occult Vascular Malformations 


CT scans detected all lesions in the six cases with occult 
vascular malformations. In two of the six cases, punctate high 
density was seen on unenhanced CT scans, consistent with 
calcification (Fig. 1). One case consisted of an isodense lesion 
on noncontrast CT scans. Three of the six cases contained 


Fig. 1.—26-year-old man with headaches. 
Surgical pathology: cryptic vascular malforma- 
tion. 

A, Noncontrast CT scan shows slightly dense 
lesion, consistent with calcification, in posterior 
portion of left centrum semiovale. Mild contrast 
enhancement was seen. 

B, T1-weighted MR scans (TR 600 msec, TE 
25 msec) show a small hypointense lesion. 

C and D, Proton density and T2-weighted im- 
ages (TR 2000 msec, TE 35/70 msec) show the 
lesion to be even more prominent than on T1- 
weighted images. Part of the low intensity is due 
to calcification, confirmed by the CT scan. How- 
ever, that the lesion becomes even more hypoin- 
tense on the T2-weighted image suggests a sig- 
nificant contribution of hemosiderin effect. 
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lesions that were hyperdense but not definitely calcified. In 
one of these cases, an additional hypodense lesion was also 
seen (Fig. 2). In all six cases, contrast enhancement was 
present. The case with the hypodense lesion showed some 
peripheral, ill-defined enhancement. In five cases, the lesions 
were solitary. However, one patient had four cryptic malfor- 
mations. 

MR also detected all lesions in the six cases with occult 
malformations. In two cases, a central focus of isointensity 
was present on the T1-weighted images (Fig. 3). In three 
cases, the central focus was primarily hyperintense. These 
foci were surrounded by variable areas of low signal. These 
isointense or hyperintense regions on T1-weighted images 
acted variably on proton density and T2-weighted images. 
Some persisted or became more intense while others became 
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Fig. 2.—22-year-old woman with ataxia. Sur- 
gical pathology: cryptic vascular malformation. 

A, Contrast-enhanced CT scan shows an en- 
hancing focus in right cerebellum with a hypo- 
dense focus in left cerebellum. There may be a 
small amount of associated peripheral enhance- 
ment in lesion on the left. 

B, T1-weighted MR images (TR 600 msec, TE 
25 msec) show multiple central foci of high in- 
tensity with surrounding hypointensity. Some 
central foci are also partially isointense. This 
case is notable for the multiplicity of cryptic 
vascular malformations. 

C and D, On proton density and T2-weighted 
MR images (TR 2000 msec, TE 35/70 msec), 
characteristic isointensity or hyperintensity in 
the center is surrounded by extensive peripheral 
hypointensity. Some foci that were hyperintense 
on T1-weighted image have become hypoin- 
tense or isointense on current images (arrows); 
others have remained hyperintense (arrow- 
heads). The discrepancy is most likely due to a 
predominance of intracellular hemoglobin break- 
down products in the former case, as compared 
with free compounds in the latter case, in these 
evolving hemorrhages. In addition, the powerful 
T2 relaxation effects of hemosiderin from pre- 
vious bleeds obscure smaller foci of higher sig- 
nal on second echo of long TR sequence. 








A 


Fig. 3.—34-year-old man with seizure disorder. Surgical pathology: cryptic vascular malformation. 

A, Contrast-enhanced CT scan shows large enhancing mass with primarily intraventricular location and trapping of distal temporal horn. 

B, T1-weighted sagittal MR images (TR 600 msec, TE 25 msec) confirm intraventricular location of mass. In addition, the mass is primarily isointense, 
with a few foci of increased signal. 

C, T2-weighted MR images (TR 2000 msec, TE 70 msec) now show lesion to be of high signal, with scattered areas of lesser signal. In addition, a 
prominent hypointense rim surrounds lesion, creating an appearance most consistent with the paramagnetic effect of hemosiderin. 


AJR: 149, December 1987 


hypointense (Fig. 2). In addition, surrounding these regions 
was peripheral low signal, which became even more hypoin- 
tense on the second echo of the long TR sequence. One case 
appeared as a single punctate hypointensity on both T1- and 
T2-weighted images. Two of the six cases showed mild 
edema surrounding the lesions. Pathology revealed throm- 
bosed vascular malformations in the five surgically proven 
cases. In one case, changes most consistent with cavernous 
hemangioma were demonstrated. In another case, probable 
arteriovenous malformation was noted. In the remaining 
cases, the exact pathologic categorization of the vascular 
malformation could not be made. All the vascular malforma- 
tions exhibited regions of acute and chronic hemorrhage in 
the matrix of abnormal vascular tissue. Hemosiderin deposi- 
tion of varying degrees was seen in all lesions. 


D E 
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Hemorrhagic Neoplasms 


Of the 18 cases with hemorrhagic neoplasms, three con- 
sisted of primary tumors—an astrocytoma, an oligodendro- 
glioma, and a meningioma. Both gliomas showed typical CT 
characteristics of mild hypodensity with irregular enhance- 
ment. Heavy punctate calcification was present in the oligo- 
dendroglioma. The meningioma, likewise, was not unusual in 
CT appearance with multiple foci of calcification and homo- 
geneous enhancement. Two of the lesions lacked substantial 
mass effect; the third was associated with mild edema. De- 
spite the conventional appearance of these lesions on CT, all 
these tumors displayed unusual MR characteristics, with strik- 
ing similarity in their appearance to the occult vascular mal- 
formations noted above (Fig. 4). 





Fig. 4.—72-year-old woman with a headache. Surgical pathology: hemorrhagic meningioma. 
A and B, CT scans with and without contrast show highly calcified lesion extending inferiorly from choroid plexus. Enhancement after contrast is 


present. 


C, T1-weighted MR images (TR 500 msec, TE 25 msec) confirm presence of lesion. It is primarily isointense, although there are small foci of high signal 


within it. 


D and E, T2-weighted MR images (TR 2000, TE 70 msec) show a mass with high-intensity signal and surrounding rim of low-intensity signal. While 
portions of low-intensity rim may be due to calcification, a portion of the low intensity is most likely due to hemosiderin deposition as well. Marked 
hemosiderin stains were observed at pathology. Note striking resemblance of this case to Fig. 3, both in the lesion’s appearance and in its lack of mass 


effect. 
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The 15 remaining cases were composed of hemorrhagic 
metastasis and contained a total of 42 lesions visible on MR. 
The number of lesions per case varied from one to 14, with 
an average of nearly three. CT scans without and with con- 
trast were positive in 13 of 15 cases. In two cases, multiple 
punctate metastases clearly visible on MR were missed by 
CT. In the 13 positive scans, CT missed additional lesions in 
two cases. In all positive cases, lesions were variable in 
density on noncontrast CT scans. In one of the 15 patients, 
the lesion appeared hypodense. In two of the 15, the lesions 
appeared to have a low-density center surrounded by a 
slightly hyperdense ring. In three of the 15, the lesions were 
isodense, and in another six patients, focal hyperdensity was 
seen. In the remaining patient, different lesions were both 
isodense and hyperdense. No calcification was seen in any 
of the lesions. Contrast enhancement was generally present. 
Larger lesions were usually associated with considerable 
surrounding edema, but smaller lesions often did not display 
significant mass effect. 

MR scans were positive in all cases and showed hemor- 
rhagic metastasis in greater number and generally more prom- 
inently than did CT scans. On T1-weighted images, areas of 
high central signal were seen in 10 of the 15 scans. In five 
cases, only isointense signal was noted centrally. In two 
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cases, some lesions contained central foci of both high signal 
and isointense signal. Surrounding hypointensity was seen in 
12 of the 15 cases on T1-weighted images. T2-weighted 
images uniformly showed lesions with isointense or highly 
intense central signal surrounded by peripheral hypointensity. 
In 12 of 15 cases, the lesions were surrounded by edema. 
However, in three cases, all with multiple punctate lesions, 
no surrounding edema was seen (Fig. 5). 

In all of the surgically resected hemorrhagic neoplasms, 
distinctive tumor, often with associated clot, was visible in 
the pathologic sections. The yellow-brown stains typical of 
hemosiderin deposition were present in all cases and very 
prominent in five of the 10 cases. 


Discussion 


By MR criteria, both cryptic vascular malformations and 
hemorrhagic neoplasms may appear similar. In the former, 
the MR findings have been attributed to the evolution of 
extravascular intracerebral blood [2]. Our pathology results, 
with evidence of blood and hemosiderin deposition, suggest 
that identical mechanisms are operative in hemorrhagic neo- 
plasms. 


Fig. 5.—43-year-old man with extensive met- 
astatic choriocarcinoma. Clinical diagnosis: met- 
astatic choriocarcinoma. 

A and B, T1-weighted MR images (TR 600 
msec, TE 20 msec) show several foci of high 
signal with low-intensity rims. Other sections 
revealed several more lesions. 

C and D, T2-weighted MR scans (TR 2000 
msec, TE 70 msec) again show foci of hyperin- 
tensity surrounded by more extensive rings of 
hypointensity. These lesions are remarkably 
similar to those of Fig. 1, both in their appearance 
and in their lack of edema. 
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The central foci of high signal most likely represent sub- 
acute to chronic hemorrhage and are presumed to be caused 
by paramagnetic methemoglobin [7], which shortens T1 re- 
laxation times substantially and can slightly shorten T2 relax- 
ation times as well. If the central focus is hyperintense on 
both short and long TR sequences, as is most often the case, 
then the methemoglobin is considered to be homogeneously 
distributed and free in solution after red blood cell lysis (Fig. 
2). However, if the central focus is hyperintense on T1- 
weighted images and hypointense on T2-weighted images, 
then the hemoglobin breakdown products are still primarily 
intracellular. Again, the paramagnetic methemoglobin contrib- 
utes to shortening of the T1 relaxation time, while the remain- 
ing deoxyhemoglobin that has not yet been oxidized to met- 
hemoglobin causes a magnetic susceptibility effect and pref- 
erential T2 relaxation by virtue of its heterogeneous distribu- 
tion within the intact red blood cells. 

The cause of the isointensity of the central core of some 
lesions on T1-weighted images is unclear and can be seen 
with both cryptic vascular malformations and hemorrhagic 
neoplasms (Figs. 3B and 4C). It may be secondary to chro- 
nicity of the bleed and the long-term appearance of an orga- 
nized hematoma. Alternatively, it may be due to recent hem- 
orrhage prior to evolution to a more intense phase. Acute (as 
opposed to hyperacute) hematomas appear isointense or 
slightly hypointense on short TR sequences. Finally, the isoin- 
tense central core may represent abnormal vasculature in the 
case of occult vascular malformation or tumor matrix in the 
case of hemorrhagic neopiasm. Therefore, while foci of adja- 
cent nonhemorrhagic tumor may be seen in larger neoplasms, 
nodular areas without the high signal of subacute blood are 
also present in occult vascular malformations. On T1- 
weighted images, both can appear isointense and virtually 
identical. The corresponding T2-weighted images can appear 
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hypointense or isointense, if evolving hemorrhage is involved, 
or even hyperintense, if abnormal vasculature, organized 
thrombus, or tumor are present (Figs. 3C, 4D, and 4E). 

The surrounding hypointensity is thought to be consistent 
with a preferential T2 relaxation effect from the deposition of 
paramagnetic hemosiderin in macrophages [7]. Thus, the 
peripheral dark rim becomes even more prominent and hy- 
pointense on the second echo of the long TR sequence (Fig. 
6). Some hypointensity is also due to calcification in certain 
cases [8] (Fig. 1). 

Because the underlying mechanisms responsible for pro- 
ducing the characteristic MR findings in all of our patients are 
primarily those of the evolution of hemorrhage, it is likely that 
other subacute to chronic hemorrhagic lesions, such as the 
occasional infectious foci that bleed, may also appear identical 
in some cases. We have observed a case of chronic fungal 
abscess, which displayed MR characteristics consistent with 
paramagnetic effect and was revealed to have heavy hemo- 
siderin deposition at surgery. 

The similarity on MR of hemorrhagic neoplasm and occult 
vascular malformation raises the problem of differentiating 
between the two, an obviously crucial issue. Clinically, both 
entities often present with nonspecific symptoms. Headache, 
seizures, and waxing and waning neurologic deficits may be 
seen in both, although a clinical course of years makes occult 
vascular malformation more likely [9]. Even cerebral metas- 
tasis may present subacutely, with headache the initial symp- 
tom in the majority of cases [9]. Although most of the 
patients with hemorrhagic metastasis who were referred to 
us already had known systemic metastasis, this fact is pri- 
marily due to the nature of the Memorial Sloan-Kettering 
Cancer Center as a tertiary referral center. Since occasional 
patients with malignancies initially present with brain metas- 
tasis, the finding of a lesion otherwise typical of the occult 





Fig. 6.—66-year-eld man with melanoma. Surgical pathology: metastatic melanoma. The metastasis was hemorrhagic and virtually amelanotic. 

A, T1-weighted images (TR 600 msec, TE 20 msec) show lesion of mixed isointensity and hyperintensity centrally, with surrounding hypointensity. The 
lesion has an appearance similar to that described as typical for cryptic vascular malformations. 

B and C, Proton density and T2-weighted MR images (TR 2000 msec, TE 35/70 msec) again show a lesion similar to that in Fig. 5. Central core remains 
either isointense or hyperintense, and peripheral hypointensity has increased. Although there is a minimal amount of surrounding edema and mass effect, 


these features can also be seen inecryptic vascular malformations. 
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vascular malformation may actually be the first indication of a 
systemic malignancy. 

In our series, size and location were not of help in differ- 
entiating cryptic vascular malformation from hemorrhagic neo- 
plasm. Both ranged in size from punctate to large and both 
occurred in nonspecific locations, although cryptic vascular 
malformation and metastasis exhibited a preference for the 
gray-white junction [9, 10]. Perhaps, a brainstem location is 
more typical of cryptic malformation [11], but metastasis [9] 
and, of course, primary glioma can certainly occur there as 
well. 

Despite the similarity on MR between cryptic vascular 
malformation and hemorrhagic neoplasm, several criteria ap- 
pear to be of help in differentiating these entities: 

1. Neoplasms are often noted for prominent surrounding 
edema. In our series, a metastasis over ¥2 cm was almost 
uniformly associated with edema. In some cases, the edema 
was extensive. In contrast, edema surrounding the cryptic 
vascular malformations was unusual, and, if present, was 
almost always mild. The extent of edema certainly helps to 
differentiate many of the larger metastases from cryptic vas- 
cular malformations on MR, even when the appearance is 
otherwise identical. However, previous reports suggest that 
up to 50% of cryptic vascular malformations may be associ- 
ated with some edema [12]. Conversely, an occasional me- 
tastasis is associated with little edema (Fig. 6), especially if 
the patient is on steroids. In addition, punctate metastasis 
often displays no evidence of surrounding edema. Further- 
more, two of the three primary tumors in our series lacked 
edema. In these cases, differentiation from small cryptic vas- 
cular malformation is virtually impossible. 

2. Some of the malignancies that often lead to hemorrhagic 
metastasis, such as melanoma, are prone to exhibit a multi- 
plicity of lesions [9]. Clearly, the average number of lesions in 
the cases of hemorrhagic metastasis (3) exceeded the aver- 
age number of cryptic vascular malformations (1.5) in our 
patients. However, gliomas and other primary cerebral neo- 
plasms are generally single. In addition, although cryptic vas- 
cular malformations are often single, recent reports have 
suggested that up to 50% cases may actually contain multiple 
lesions [10] (Fig. 2). Therefore, the multiplicity of lesions is 
helpful in suggesting metastasis but again not specific. Con- 
versely, the finding of a single lesion may be typical of cryptic 
vascular malformations but may also characterize primary 
tumors and certain metastatic tumors, such as those of the 
colon [9]. 

In cases in which MR is equivocal, CT may be of help. 
Hemorrhagic neoplasms, especially metastasis, have a variety 
of appearances, ranging from cystlike low density to hyper- 
density. in contrast, cryptic malformations tend to be isodense 
or hyperdense on noncontrast CT, with some enhancement 
after administration of contrast [11, 12]. Other appearances, 
such as low density [3] or ring lesions [4], have been noted 
and were present in one case in our study but are unusual. 

CT may also be useful in defining calcification, since its 
presence is highly unusual in untreated cerebral metastasis. 
Calcification is seen in a minority of cases of cryptic vascular 
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malformation (Fig. 1). Previous papers note an occurrence of 
definite granular calcification ranging from 20-33% [1, 3, 4, 
10]. Our findings are consistent with these figures. However, 
calcification may also be present in gliomas and meningiomas. 
Thus, if the lesion displays calcification on the noncontrast 
CT scan, hemorrhagic metastasis but not primary tumor can 
be virtually exciuded. The absence of calcification cannot be 
used to suggest the etiology. 

In conclusion, MR lesions often referred to as “typical” of 
occult vascular malformation may actually represent neo- 
plasm. Multiplicity and the presence of adjacent edema, es- 
pecially if extensive, suggest a neoplastic origin. However, 
even if small and single, these lesions must not be dismissed 
as occult vascular malformation, and an underlying neoplasm 
must be considered. In questionable cases, CT may provide 
further information. Since both primary and secondary hem- 
orrhagic neoplasm can appear identical to cryptic vascular 
malformation, the MR finding of the “typical occult vascular 
malformation” should now at least merit consideration of an 
underlying neoplasm and further evaluation or follow-up. 


ACKNOWLEDGMENTS 


We thank Patricia Dudley for help in manuscript preparation and 
Bruce Peters, Nicole Baccon, and Noreen O'Donnell for technological 
assistance. 


REFERENCES 


t. Kucharczyk W, Lemme-Pleghos L, Uske A, Brant-Zawadzki M, Dooms 
GC, Norman D. intracranial vascular malformations: MR and CT imaging. 
Radiology 1985:156: 383-389 

2. Gomori J, Grossman R, Goldberg H, Hackney DB, Zimmerman RA, Bilaniuk 
LT. Occult cerebral vascular malformations: high-field MR imaging. Ra- 
diology 1986;158: 707-713 

3. Lemme-Plaghos L, Kucharczyk W, Brant-Zawadzki M, et al. MR imaging 
of angiographically occult vascular malformations. AJNR 1986:7: 217-222 

4. New P, Ojemann R, Davis K, et al. MR and CT of occult vascular 
malformations of the brain. AJNR 1986;7: 771-779, AJR 1986;147: 
985-993 

5. Heier LA, Amster JL, Zimmerman RD, et al. Focal recurrent hemorrhage 
on MR at 0.5 T—an aid to the diagnosis of cryptic cerebral vascular 
malformations. Presented at the Xillth Symposium Neuroradiologicum, 
Stockholm, Swedeen, June 1986. Acta Radiol [Suppt] (Stockh) (in press) 

6. Griffin C, De La Paz R, Enzmann D. Magnetic resonance imaging of 
brainstem cryptic arteriovenous malformation. Presented at the annual 
meeting of the Western Neuroradiological Society, Monterey, CA, October 
1985 

7. Gomori J, Grossman R, Goldberg H, Zimmerman RA, Bilaniuk LT. Intra- 
cranial hematomas: imaging by high-field MR. Radiology 1985:157: 87-93 

8. Oot R, New P, Pile-Spellman J, et al. The detection of intracranial calcifi- 
cations by MR. AJNR 1986;7: 801-809 

9. Galicich J, Sundaresan N. Metastatic brain tumors. in: Wilkins H, Renga- 
chary S, eds. Neurosurgery. New York: McGraw-Hill, 1985: 597-610 

10. Patel SC, Sanders WP, Fuentes J, Haggar A, Mehta B, Boulos R. Angio- 
graphically occult vascular malformation of the brain: MR imaging at 1.5 
Tesla. Presented at the 72nd annual meeting of the Radiological Society 
of North America, Chicago, November 1986 

11. Yeates A, Enzmann D. Cryptic vascular malformations involving the brain- 
stem. Radiology 1983;146: 71-75 

12. Kramer R, Wing S. Computed tomography of angiographically occult 
cerebral vascular malformations. Radiology 1977;123: 649-652 


W. Schorner' 
H.-J. Meencke? 
R. Felix’ 


This article appears in the September/Octo- 
ber 1987 issue of AJNR and the December 1987 
issue of AJR. 


Dedicated to Professor Alfred Breit on the oc- 
casion of his 65th birthday. 


Received September 5, 1986; accepted after 
revision April 7, 1987. 


Presented at the annual meeting of the American 
Society of Neuroradiology, San Diego, January 
1986. 


This work was supported by the Bundesminis- 
terium fur Forschung und Technologie grant 01 VF 
142. 


‘Department of Radiology, Freie Universitat Ber- 
lin, Klinikum Charlottenburg, Spandauer Damm 
130, 1000 Berlin 19, W. Germany. Address reprint 
requests to W. Schorner. 


2Department of Neurology, Freie Universitat Ber- 
lin, Klinikum Charlottenburg, 1000 Berlin 19, W. 
Germany 
AJR 149:1231-1239, December 1987 
0361-803X/87/1496-1231 
© American Roentgen Ray Society 


1231 


Temporal-Lobe Epilepsy: 
Comparison of CT and MR Imaging 





In 50 patients with temporal-lobe epilepsy, CT and MR findings were compared. Axial 
CT scans were obtained before and after administration of contrast material. Coronal 
MR imaging was carried out with two spin-echo (SE) sequences with a repetition time 
of 1600 msec and echo times of 35 or 70 msec (SE 1600/35, SE 1600/70). A focal lesion 
was detected by CT in 12 cases and by MR in 16 cases. If discrete attenuation or signal 
abnormalities are also taken into account, CT provided a positive finding in 13 cases 
and MR imaging in 20 cases. With the exception of a small calcification, all the lesions 
revealed on the CT scans were also detected on the MR images. Among the examina- 
tions assessable for temporal-lobe asymmetry, signs of a unilateral reduction in tem- 
poral-lobe size were seen on two of 35 CT scans and on 15 of 38 MR images. In three 
patients who had temporal-lobe resection, a subsequent comparison was made between 
CT, MR imaging, and pathology. Histologically proven glial reactions that could not be 
detected on CT were demonstrated as high-signal-intensity lesions on the SE 1600/70 
image. 

We conclude that MR scanning, with its higher sensitivity, superior image quality, and 
ability of multiplanar imaging, should be the imaging technique of choice in the diagnosis 
of temporal-lobe epilepsy. 


Despite optimal pharmacotherapy, about 30% of patients with temporal-lobe 
epilepsy do not become seizure-free [1]. In these patients, surgery represents the 
best possible form of treatment. Provided that the indication is stringently applied, 
up to 50% of drug-resistant patients can be cured of their seizures by surgical 
intervention [2]. Good operative results, however, require previous accurate quali- 
tative and topographic diagnosis [3]. Of importance here are determination of the 
unilaterality of the epileptogenic lesion, differentiation between temporal and frontal 
processes, and accurate establishment of the size and topography of the lesion. 
Frequently, such points can be clarified only through such invasive procedures as 
the EEG examination with subdural or depth electrodes [4]. 

To date, CT has been the most important imaging procedure in the investigation 
of temporal-lobe lesions [5-8]. However, in regions close to the base of the skull, 
the CT image is impaired by bone artifacts, which considerably reduce the quality 
of the image. Nor does selection of particular patient positioning or special angu- 
lation of the CT gantry (for example, 15-20° from Reid’s baseline [6]) eliminate the 
limitations of CT in the evaluation of temporal-lobe lesions. 

MR imaging permits direct visualization of the temporal lobe without impairment 
by the bone artifacts typical on CT. Initial investigations appear to indicate that MR 
imaging has a greater sensitivity than CT in the diagnosis of temporal-lobe epilepsy 
[9-12]. 

In our present study of 50 patients with temporal-lobe epilepsy, the diagnostic 
values of CT and MR imaging were compared. A major aim of this study was to 
describe the different presentations of temporal-lobe lesions on CT and MR. 
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Subjects and Methods 


We studied 50 patients (26 male and 24 female) with temporal- 
lobe epilepsy. The patients were 16-62 years old (mean + SD = 33 
+ 10 years). The onset of temporal-lobe epilepsy extended back to 
the first decade of life in 21 patients and to the second decade in 16 
of the patients; in 13 patients epilepsy did not occur until after the 
age of 20 years. 

The diagnosis of temporal-lobe epilepsy was established clinically 
on the basis of the course of the seizure. The diagnosis was further 
supported by the results of the EEG examination: EEG detected a 
unilateral temporal abnormality in 26 cases and a bilateral abnormality 
in 15. In four patients, the abnormal electrical activity extended 
beyond the temporal lobe. In five patients, the EEG studies were 
without focal findings. Patients in whom the neurologic workup sug- 
gested the presence of a large focal temporal-lobe process (for 
example, a tumor) were excluded from the study. 

Treatment with drugs rendered 11 patients free of seizures and 
20 patients proved resistant to drug therapy; in the remaining 19 
patients the influence of medication on the temporal-lobe epilepsy 
had not been established at the time of the MR imaging. In three 
patients with refractory temporal-lobe epilepsy, partial lobectomy of 
the temporal lobe was carried out after the MR examination. 

All the patients were referred for a plain CT examination. With the 
exception of four cases, all patients had a contrast-enhanced CT 
study (100-ml rapid drip infusion of an ionic or anionic contrast 
material). The CT studies were regularly conducted in an axial imaging 
plane with different units (Somatom 2, Somatom DR 2, EMI Head 
Scanner 1010, GE 8800). In addition, CT scans were obtained in a 
coronal imaging plane in six patients. When MR imaging indicated 
definitely or possibly abnormal findings and CT revealed no corre- 
sponding findings, CT was repeated on a third-generation scanner 
(usually the Somatom 2). 

MR imaging was performed on a supraconducting unit operating 
at 0.35 T (Siemens Magnetom). A special head coil (25 cm in diameter) 
was used for brain imaging. MR scans were produced in the coronal 
plane (10-mm slice thickness) by using a multiple-slice spin-echo (SE) 
technique. In all patients, SE pulse sequences were performed with 
a repetition time (TR) of 1600 msec and echo times (TEs) of 35 and 
70 msec (double-echo technique) (abbreviated SE 1600/35 and SE 
1600/70, respectively). In most patients further coronal images were 
obtained with a short TR of 400 msec and a TE of 35 msec (SE 400/ 
35). A matrix of 256 x 256 pixels was used, which permits a nominal 
resolution of 1 Xx 1 mm in the plane imaged. With twofold data 
acquisition, the imaging times for the above-mentioned long TR and 
short TR SE pulse sequences were about 13.7 and 3.4 min, respec- 
tively. 

CT scans and MR images were reviewed independently by two 
observers. First, the images were evaluated with respect to a clearly 
defined abnormality. Focal abnormalities were classified according to 
their CT density and MR signal intensity relative to the density and 
signal intensity of normal brain tissue (hyper-/iso-/hypodense on CT 
and hyper-/iso-/hypointense on MR), and also with respect to the 
appearance (homogeneous/inhomogeneous). The studies were cat- 
egorized as normal, possibly abnormal, and abnormal. 

A second criterion for image interpretation was the symmetry of 
the temporal lobes. Here, the sizes of the two temporal lobes were 
compared on the axial (and when available the coronal) CT image 
and the coronal SE 1600/35 scan. The smaller of the two temporal 
lobes was designated as atrophic. The findings were classified as 
normal, atrophic, or nonevaluable. Under nonevaluable were all those 
examinations in which, owing to inadequate image quality in the 
vicinity of the base of the skull or to oblique positioning of the patient’ s 
head, assessment of symmetry was difficult. 
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Results 
CT Findings 


The CT examination led to the detection of a focal lesion in 
11 patients. In one of these, two lesions were found, one in 
each hemisphere (Table 1). The locations of the 12 lesions 
were temporal in five; temporoparietal in one; and temporooc- 
cipital, occipital, and parietal in two each. Seven of the 12 
lesions were hypodense on plain CT scans. Calcified lesions 
were detected in five cases. Scans obtained after administra- 
tion of contrast agent revealed an accumulation of contrast 
material in the lesion in one case (case 8); the other 11 lesions 
did not enhance after administration of contrast material. 

In one female patient, a lesions located in the frontal lobe 
was suspected. However, no reliable assessment was pos- 
sible because of marked artifacts adjacent to the frontal 
sinuses. Thus, the CT finding was classified as possibly 
abnormal. 

In none of the 11 patients with signs of a focal abnormality 
(12 demonstrated lesions, one suspected lesion) (Table 1) 
was temporal-lobe asymmetry diagnosed from the CT scan. 
Among the other 39 patients with no evidence of a focal 
lesion on the CT scan, unilateral temporal-lobe atrophy was 
found in two cases; in 22 cases, the temporal lobes were 
thought to be of approximately equal size on both sides. In 
15 cases, no reliable assessment of temporal-lobe atrophy 
was possible. In six cases in which axial and coronal CT 
scans were available, both techniques showed normal find- 
ings which respect to the size of the temporal lobes on both 
sides. 


MR Findings 


MR revealed an abnormal finding in 15 patients. In 14 
patients, a solitary lesion was detected; in one patient (case 
8), two lesions were observed, one in each hemisphere. The 
locations of the lesions were temporal in seven, adjacent to 
the temporal lobe in four, occipital in three, and frontal and 
parietal in one each. 

On T2-weighted SE 1600/70 images, all the lesions were 
seen as producing a signal different from that of normal brain 
tissue. In 13 cases, the lesions were homogeneous. In 11 of 
these cases the lesions showed an increased intensity (Figs. 
1-3); in two calcified lesions they showed a reduced signal 
intensity. In three cases, the lesions were inhomogeneous 
with a hypointense center and a marginal zone of high signal 
intensity. 

On SE 1600/35 images, an abnormality was seen in 12 of 
16 cases. In four cases in which a focal abnormality was 
demonstrated on T2-weighted SE 1600/70 scans, MR images 
were normal on the SE 1600/35 sequence. Of the 12 lesions 
detected in this sequence, six were homogeneous and six 
inhomogeneous. Of the homogeneous lesions, four were 
hyperintense and two hypointense. In all six cases, the inho- 
mogeneous lesions revealed a low-intensity central portion 
and a signal-intense marginal zone. 

On the T1-weighted SE 400/35 sequence, 12 of 16 lesions 
were homogeneous and hypointense. In three patients, the 
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TABLE 1: CT Attenuation and MR Signal Abnormalities in Temporal-Lobe (TL) Epilepsy 


POPA AEA OAO 


| MR Signal Intensity of Lesion 
a oe Age Gender aa an py E ee Remarks 
SE 1600/70 SE 1600/35 SE 400/35 
1 24 R TL (basal region)/2  isodense Hyperintense Hyperintense Hypointense Focal gliosis 
x15x4 
2 25 M R TL (middie tem- isodense Hyperintense Isointense Isointense 
poral gyrus)/1.5 x 
15x2 
3 15 F L. TL (mediobasal re- Hypodense Hyperintense Mixed Hypointense 
gion)/1.5 x2 x3 
4 23 M L TL (basal region)/ Hypodense Mixed Mixed Hypointense Cystic lesion surrounded 
25x3x3.5 by gliosis 
5 18 F L. TL (mediobasal re- Hypodense Hyperintense isointense Hypointense bebe 
gion)/2 x 2 x 2 
6 51 M R TL (middle tem- Hyperdense Mixed Mixed Not done 
poral gyrus)/2 x 1 
x1 
7 33 M L TL (basal region)/2 Hyperdense Hyperintense Hyperintense Hypointense Hamartoma, centrally 
x2x*2 calcified 
8 31 F L. temporoparietal Hyperdense Hypointense Hypointense Hypointense Suspected AVM 
lobe/1.5 x 2 x 2 
R frontal lobe (basal Possibly hy- Hyperintense Hyperintense Hypointense Suspected posttrau- 
region)/0.7 x 2 x podense matic scar 
1 
9 35 F L temporooccipital Isodense Hyperintense Isointense Isointense 
lobe (basal region)/ 
05x1x4 
10 22 R temporooccipital Hypodense Hyperintense Mixed Hypointense 
lobe/2.5 x 2 x 2 
11 af L occipital lobe lsodense Hyperintense lsointense lsointense 
(basal region)/2 x 
0.5x2 
12 30 M R occipital lobe Hypodense Mixed Mixed Hypointense 
(basal region)/2.5 
x2xX2 
13 ei M L occipital lobe Hypodense Hyperintense Mixed Hypointense 
(basal region)/2.5 
x2x2 
14 {7 M L TL (mediobasal re- Isodense Possibly hyper- Isointense isointense 
gion) 2 x 1.5 x 1 intense 
L temporooccipital Hypodense Hyperintense Hyperintense Hypointense 
lobe/2 x 1 x 1 
15 19 F L parietal lobe (sub- Hyperdense Hypointense Hypointense Hypointense Calcification, probably 
cortical)/2 x 1 x 1 caused by infection 
R parietal lobe (sub- Hyperdense Isointense Isointense isointense Calcification, probably 
cortical)/0.5 x 0.5 caused by infection 
x 0.8 
16 3i M L TL (mediobasal re- Isodense Possibly hyper- isointense Isointense 
gion)/1.5 x 1 x 2 intense 
17 16 L TL (mediobasal re- lIsodense Possibly hyper- _Iscintense lsointense 
gion)/0.5 x 1.5 x intense 
1 
18 35 F L TL (medial region)/ lsodense Possibly hyper- Isointense Isointense 
05x11x11 intense 





Note.—-R = right; L = left. In CT, an isodense finding was considered normal. In MR, an isointense finding was considered normal. In MR, a lesion of mixed 


signal intensity had a hypointense center and hyperintense periphery. 


lesion was isointense and undetectable. In one patient, no 
image from the SE 400/35 sequence was available in the 
plane of the lesion. 

In four cases, the MR examination revealed a possibly 
abnormal finding. In each of these cases there was an area 
of slightly increased signal intensity in the mediobasal portion 
of the temporal lobe on the SE 1600/70 image (Fig. 4). 


Among the 18 patients with a demonstrated or suspected 
focal lesion, signs of unilateral temporal-lobe atrophy were 
found in four cases (cases 1, 11, 16, and 18). “Atrophy” of 
the temporal lobe was localized on the same side as the 
lesion in every case (Figs. 3 and 4). In 11 patients, the size of 
the temporal lobe was the same on both sides. in three 
patients, no assessment of the symmetry of the temporal 


1234 


lobe was possible owing to the oblique positioning of the 
patient (Fig. 1). 

Among the other 32 patients with no demonstrated or 
suspected focal temporal-lobe lesion, signs of asymmetry in 
the size of the temporal lobe were found in 11 cases by both 
observers, while in eight cases both temporal lobes were 
found to be equal in size. In four cases, the evaluators differed 
in their assessment of temporal-lobe symmetry. In nine cases, 
no evaluation of temporal-lobe symmetry was possible owing 
to the oblique positioning of the patient. 


Comparison of CT and MR Findings 


Of 17 definitely abnormal findings, MR revealed 16 focal 
processes, whereas CT showed focal lesions in 12 cases. 
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Fig. 1.—Diagnostically equivalent demonstra- 
tion of cystic lesion on axial CT scans and coronal 
MR images (case 5). 

A and B, Contrast-enhanced CT scans show 
round, hypodense lesion in mediobasal portion of 
left temporal lobe. 

C, T1-weighted MR scan (SE 400/35). Hypoin- 
tense lesion has appearance similar to that on CT 
scans. 

D, T2-weighted scan (SE 1600/70). Lesion has 
high signal intensity. (Temporal-lobe symmetry 
was not assessed because of oblique positioning 
of patient’s head.) 


With a single exception—a tiny calcification—all of the lesions 
diagnosed from the CT scan were also detected by MR 
imaging. On the other hand, four lesions detected by MR 
imaging were completely missed on the CT scan. 

In another case, classified on the basis of the CT scan as 
having a possibly abnormal finding in the region of the frontal 
lobe, the MR image revealed a definitely abnormal finding. In 
another four patients, in whom the CT scan revealed no 
abnormal finding, a possibly abnormal lesion was detected on 
the MR image. 

All of the lesions that completely escaped detection on the 
CT scan were processes that, in comparison with the remain- 
ing lesions, were relatively difficult to detect on the MR image 
because of their small size (cases 9 and 11) or their behavior 
with regard to signal intensity (cases 1 and 2). In these cases, 
the scans obtained in the SE 400/35 and SE 1600/35 se- 
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Fig. 2.—Superior sensitivity of MR imaging rel- 
ative to CT scanning. Focal lesion of right temporal 
lobe is visible only on T2-weighted MR image 
(case 2). 

A and B, Normal findings on contrast-enhanced 
CT scans at different levels. 

C, SE 1600/35 image shows no obvious abnor- 
mality in signal intensity. However, outer contour 
of right middle temporal gyrus seems to be more 
prominent. 

D, SE 1600/70 image clearly shows focal lesion 
of high signal intensity in middle temporal gyrus 


(arrow). 


quences did not reliably demonstrate the presence of a lesion, 
but the T2-weighted images displayed the focal lesions as 
areas of slightly or moderately increased signal intensity (Figs. 
2 and 3). 

Among the 11 cases in which both the CT scan and MR 
image revealed a definite abnormal finding, the lesions were 
better defined by MR in six cases (cases 3, 4, 6, 10, 12, and 
13). In these six patients, the lesions were homogeneous on 
the CT scan, but the SE 1600/35 image (in individual cases 
also SE 1600/70 images) showed an inhomogeneous lesion 
with areas of centrally reduced signal and a periphery of 
increased signal. In one patient (case 4), the process appeared 
appreciably larger on the MR image than on the CT scan. 

In five cases, the CT scan demonstrated a calcification. 
This finding was indirectly demonstrable on the MR image— 
in three cases it was seen as an area of low signal intensity 
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on all sequences. In one case, the MR image revealed an 
abnormal finding that, however, was not typical of calcification 
because it presented a high signal. One small calcification 
seen on CT was not seen on MR. 


Comparison of MR and Histologic Findings 


In three drug-resistant patients with temporal-lobe epilepsy 
and definite MR evidence of a focal lesion, a partial temporal 
lobectomy was carried out. In one case, the histologic workup 
revealed the presence of focal gliosis, while in two cases a 
hamartoma was diagnosed. 

A venous infarction was suspected as the cause of the 
gliosis detected histologically (case 1). The MR finding of a 
focal homogeneous lesion with reduced signal intensity on 
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Fig. 3.—Focal lesion is detectable only on T2- 
weighted scans and is associated with ipsilateral 
“atrophy” of temporal lobe (case 9). 

A and B, Normal appearance of temporal lobes 
on contrast-enhanced CT scans at different levels. 

C-F, Contiguous coronal SE 1600/70 scans 
from occipital to temporal. Small lesion of high 
signal intensity is visible in left occipital lobe, di- 
rectly above tentorium (arrows C and D), and is 
associated with ipsilateral focal reduction in size 
of temporal lobe (arrows, E and F). 
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Fig. 4.—Suspected lesion in anterior hippocam- 
pus visible on T2-weighted MR image (case 18). 

A and B, Normal contrast-enhanced CT scans 
at different levels. 

C, SE 1600, 35 image. No abnormality is seen. 

D, SE 1600770 scan. Small area in left medio- 
basal temporai lobe is seen with slightly increased 
signal intensity (arrow). 


SE 400/35 images and increased signal intensity on SE 1600/ 
35 and SE 1600/70 images (Fig. 5) was compatible with the 
histologic finding of gliosis. CT findings were normal. 

In one patient (case 4), a hamartoma with a centrally located 
cyst was detected grossly. Histologically, the periphery of the 
lesion revealed an extensive glial reaction. On the MR images, 
the cyst had a reduced signal intensity. On SE 400/35 images 
it was not possible to decide reliably whether the peripheral 
glial portion of the lesion produced a signal different from that 
of surrounding brain tissue; but on SE 1600/35 and 1600/70 
scans a broad, homogeneous zone of increased signal inten- 
sity was observed. CT showed an area of diminished density 
(this correlatec with the histologically confirmed cyst), but did 
not reveal the surrounding area of gliosis. 

In the third patient (case 7), the histologic workup revealed 
a calcified hamartoma. Histologically, in addition to the cen- 
trally located calcifications, an extensive glial reaction was 
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also recognized in the periphery of the lesion. In the MR 
examination, the applied pulse sequences each showed the 
lesion (both calcifications and peripheral gliosis) as a homo- 
geneous area with reduced and increased signal intensity, 
respectively (Table 1). CT demonstrated only the calcifica- 
tions, but was not able to show the glial component in the 
periphery of the lesion. 


Discussion 


Psychomotor attacks are related to functional disturbances 
of the temporal lobe [13]. As the pathologic investigations of 
resected temporal-lobe material show, a specific morphologic 
lesion is found in roughly 75% of patients with psychomotor 
attacks [2, 14, 15]. In about 25% of such cases the lesions 
are already grossly detectable (for example, tumors), and in 
roughly 50% of the patients the pathologic process is hippo- 
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Fig. 5.—Correlation between pathologically proven gliosis and signal-intensity increase on T2-weighted MR image (case 1). 
A, Coronal SE 1600/70 scan. Small area of definitely increased signal intensity in basal portion of right temporal lobe (arrow). (Reprinted from [11].) 
B, Cross section of resected right temporal lobe. Macroscopically visible changes, predominantly in mediobasal portion of right temporal lobe 


(histologically proven gliosis within hippocampus). 


campal sclerosis, which is defined predominantly by the mi- 
croscopic appearance. Hippocampal sclerosis is character- 
ized by elective neuronal necrosis, and a varyingly marked 
increase in the number of glial cells in the mediobasal portion 
of the temporal lobe [16]. Hippocampal sclerosis is frequently 
accompanied by atrophy or hypoplasia of the ipsilateral tem- 
poral lobe [8, 17, 18]. 

Depending on the composition of the case material, the CT 
investigation of patients with psychomotor attacks produces 
evidence of a focal lesion in 15-45% of patients (6, 11, 19]. 
These findings represent gross structural lesions, such as 
tumors, infarctions, cysts, or posttraumatic lesions [6, 10, 11, 
13]. But even gross structural lesions of relatively large size 
can escape detection on the CT scan owing to the presence 
of bone artifacts, which make assessment of the temporal 
lobe difficult [6]. 

The MR image provides an artifact-free presentation of the 
temporal lobe and is thus better suited than is CT for the 
detection of lesions close to the base of the skull. As Ormson 
et al. [10] reported, the preoperative CT scan in 12 patients 
with pathologically confirmed gross temporal-lobe lesions was 
positive in only seven cases, as opposed to 10 cases imaged 
by MR. In our case material the ratio of positive findings on 
CT and MR was similar to that of Ormson et al. (12 positive 
CT findings vs 16 abnormal MR findings). Of our three patients 
who had surgery, CT was positive in two, whereas MR 
showed an abnormal process in all three. With the exception 
of the limited detectability of small calcifications, we found 
that MR imaging has a greater sensitivity than CT scanning 
in the diagnosis of patients with psychomotor attacks. 

As a rule, temporal-lobe gliosis cannot be recognized on 
CT [6]. Only in a single case in which the temporal-lobe gliosis 
was associated with a coarse calcification did CT reveal a 


positive finding [20]. Otherwise, temporal-lobe gliosis is prob- 
ably too small or produces insufficient attenuation changes 
relative to normal brain tissue to be detected on CT. The 
extent to which temporaltobe gliosis is directly detectable by 
MR imaging has already been considered, but the findings 
have been contradictory [10, 21-23]. For example, Ormson 
et al. [10] found no abnormal MR findings in patients in whom 
mild temporal-lobe gliosis had been confirmed histologically. 
In contrast, McLachlan et al. [22] found a prolongation of T2 
in the region of the temporal lobe in four of eight patients with 
hippocampal gliosis. However, the correlation between the 
degree of severity of temporal-lobe gliosis and its detectability 
on the MR image was low. Ethier et al. [23] reported patients 
in whom minimal to moderate temporal gliosis was found 
histologically and in whom MR imaging revealed an abnormal 
finding in 10 of 12 cases. Here, a focal increase in signal 
intensity was detected over mesiotemporal structures on T2- 
weighted images. In our patient population, too, we were able 
to find a slight increase in signal intensity in a focal area of 
the mediobasal temporal lobe in four patients with a negative 
CT scan. The localization and extent of the abnormal findings 
appear compatible with temporal-lobe gliosis. Because to date 
a correlation with neuropathologic findings is lacking, we 
decided to classify the MR findings as possibly abnormal. 
Glial reactions of the temporal lobe, as mesial temporal 
sclerosis or as an accompanying reaction of gross structural 
lesions, are detectable with MR imaging, as confirmed by one 
surgically proven case. In two patients with focal lesions, both 
of which were detectable by CT and MR, the glial marginal 
zone was detectable only on the MR image. Our present 
findings and the data in the literature indicate that gliosis can 
be detected by MR imaging with varying frequencies. 
Because temporal-lobe gliosis is not usually visible on CT, 
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detection of unilateral atrophy by CT or MR—which was 
assumed to be an indirect correlate of regional gliosis in the 
temporal lobe—received particular attention. Conventional 
radiographic and pneumoencephalographic procedures——to- 
day largely replaced by CT studies—were earlier used to 
demonstrate unilateral temporal-lobe atrophy [8, 18, 24]. The 
reliability with which unilateral atrophy of the temporal lobe 
can be recognized on CT is variable and depends on the CT 
technique (6, 8]. Wyler and Bolender [8] reported a complete 
correlation between preoperatively predicted temporal-lobe 
atrophy and pathologic findings in 17 patients with temporal- 
lobe epilepsy when CT examinations were performed by a 
high-resolution technique with metrizamide-enhanced CSF 
and planimetric analysis. In reviewing 40 CT examinations 
that were routinely performed in an axial imaging plane and 
occasionally in a coronal imaging plane, Blom et al. [6] found 
that CT, even if performed with thin slices and coronal scans, 
did not provide an accurate demonstration of temporal-lobe 
asymmetry. 

In our study we did not obtain coronal CT scans routinely, 
because artifacts from minor patient motion, especially when 
the patient's head was stretched backward to an extreme 
degree and occasionally from dental fillings, often make inter- 
pretation of coronal CT scans difficult. 

MR imaging does, indeed, appear to be very sensitive for 
the detection of asymmetry in the size of the temporal lobes 
[11, 25]. Unilateral atrophy of the temporal lobe in patients 
with psychomotor attacks is generally reported more often 
after MR than after CT scanning [11, 21, 22]. In our own case 
material, signs of unilateral temporal-lobe atrophy were found 
in 15 of 38 assessable MR studies, but in only two of 35 CT 
examinations. The reasons for this are probably the superior 
imaging quality of MR in the region of the temporal lobe close 
to the base of the skull, together with the possibility of 
multiplanar imaging, with the aid of which partial-volume 
effects can better be avoided. 

Unilateral temporal-lobe atrophy often is difficult to assess 
on MR images, primarily because even slight degrees of 
rotation of the patient's head can lead to considerable varia- 
tion in the asymmetry of the images. Possibly, quantitative 
planimetric studies, as have been used in CT scanning [8], 
may be helpful in MR imaging of temporal-lobe asymmetry. 

in summary, MR imaging seems qualitatively better than 
CT in the evaluation of temporal-lobe lesions in psychomotor 
seizure disorders. Moreover, there is evidence to suggest 
that temporal-lobe gliosis, which frequently represents the 
morphologic substrate of a psychomotor epilepsy and which 
cannot be detected with CT scanning, can be shown directly 
on the MR image (or indirectly because of temporal-lobe 
asymmetry). MR imaging must, therefore, be considered the 
preferred imaging procedure for studying a patient with psy- 
chomotor attacks. 
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Book 
Review 





Computer Tomographic imaging and Anatomic Correlation of the Human Brain. A Comparative Atlas of Thin 
CT-Scan Sections and Correlated Neuro-anatomic Preparations. By C. Plets, A. L. Baert, G. L. Nijs, and G. Wilms. 
Boston: Nijhoff, 111 pp., 1987. $71.50 


Knowledge of the precise location and identifying morphologic 
characteristics of normal anatomic structures in the CNS is an indis- 
pensable prerequisite to the recognition of disease in living patients. 
The goals of a CT atlas of the brain with pathologic correlation should 
be to show these anatomic structures in sections that are as similar 
to the living state as possible, photographed with adequate lighting 
and displayed in a straightforward and nonconfusing manner. 

Unfortunately, this CT atlas falls far short in reaching these goals. 
The reader's disappointment begins with the cover illustration, which 
depicts an inverted horizontal anatomic section of the brain. The first 
10 pages of the book contain the entire text, all of which is devoted 
to an account of the preparation of the anatomic specimens. Included 
is a painstaking description (complete with diagrams) of the method 
of construction of the head-position box used during CT scanning. 
This material is unnecessary. Two figures in this section are not cited 
in the text. They are reproductions of woodcuttings that portray the 
anatomic theater and Vesalius Institute of Leuven (the authors’ 
university); these may be the most accurate and beautiful images 
included in the entire atlas. 

Frontal and horizontal sections of the CNS are displayed in the 
next portion of the book (90 pages). Each anatomic section is 
arranged symmetrically on a full page, with a full opposing page 
devoted to the corresponding CT section and figure legend. Many 
deficiencies of design and execution are seen in this part of the work. 
The right side of each specimen (and CT section) most often is 
presented to the reader's right, contrary to accepted convention. 


Moreover, the orientation of the anatomic section occasionally is 
reversed relative to that of the corresponding CT section. The contin- 
ual need to check the orientation of each figure places a great burden 
on the reader. The horizontal anatomic sections are photographed in 
poor lighting and appear too dark. The CT images, acquired with a 
State-of-the-art scanner (Siemens Somatom DR3), are surprisingly 
grainy and have poor spatial resolution throughout. As a result of 
fixation artifacts, the relative densities of gray and white matter vary 
on the CT images and are often the reverse of those encountered in 
the living brain. The true borders of such important anatomic land- 
marks as the thalami or the lentiform nuclei are obscured completely 
on several sections. Although the authors list 68 references at the 
end of the book, 49 (72%) of them are from 1979 or earlier. 

In summary, because of the poor quality of the CT images, this 
book is of little use to the practicing neuroradiologist or radiology 
resident. In addition, the student of neuroanatomy knows of other 
readily available CNS atlases that have exquisite illustrations and 
helpful explanatory text (e.g., McGrath and Mills. Atlas of Sectional 
Anatomy: Head, Neck, and Trunk, 1984: or Nieuwenhuys et al. The 
Human Central Nervous System: A Synopsis and Atlas, 1981). 
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The Role of MR Imaging in 
Evaluating Metastatic Spinal 
Disease 





Fifty-eight patients with suspected epidural metastases were evaluated with MR 
imaging. Six patients were examined on two separate occasions. MR was judged to be 
diagnostic in 60 of the 64 examinations. Twenty-two patients also underwent myelog- 
raphy. MR was as diagnostic as myelography in all cases of epidural metastases. In 
addition, MR offered several advantages over myelography in the evaluation of meta- 
static spinal disease, including demonstration of paravertebral tumor extension, identi- 
fication of additional osseous metastatic lesions, and visualization of areas of spinal 
cord compression occurring between areas of myelographic blocks. 

We conclude that MR imaging is the examination of choice for evaluating suspected 
metastatic spinal disease. 


Before MR, myelography was considered the procedure of choice for the 
diagnosis of spinal metastases and associated spinal cord compression [1]. In 
addition to the well-known side effects of water-soluble contrast media and to the 
risk of exposing the patient to ionizing radiation, myelography carries other potential 
risks, including rapid neurologic deterioration after lumbar puncture [2], nerve root 
avulsion [3], and puncture-site hematomas that occasionally lead to death [4-10]. 
Moreover, evaluation of the entire spinal canal with water-soluble contrast material 
may not be possible in a very ill patient with diffuse metastatic spinal disease. 
Other limitations of myelography include its inability to detect spinal metastases 
that have not yet encroached upon the subarachnoid space and its inability to 
demonstrate paravertebral tumor extension. Difficulty is also encountered when 
there are two areas of myelographic block. It may not be possible to demonstrate 
the extent of either lesion, and, if the areas of block are widely separated, there is 
a possibility that a significant, undetectable intervening lesion is present. The use 
of CT after conventional myelography (CT myelography) may eliminate some of 
these limitations. However, since only the areas of abnormality demonstrated on 
myelography and not the entire spine are usually imaged, CT myelography may 
also miss multiple, separated areas of metastatic disease. 

MR imaging has proven to be an excellent technique for visualizing the spinal 
cord. It is considered the procedure of choice for the diagnosis of syringohydro- 
myelia and the Chiari malformation [11-17], and has proven valuable in the 
diagnosis of multiple sclerosis involving the spinal cord [18-20], spinal canal 
stenosis [21-23], tumors of the spinal cord and spinal canal [19, 21, 22, 24-26], 
spinal dysraphism [24, 27], and vertebral osteomyelitis [28]. Some authors consider 
MR to be equal or superior to CT or myelography for the diagnosis of disk herniation 
[29-31], although others do not share this view (32, 33]. There have been a few 
scattered cases of metastatic disease, with and without associated spinal cord 
compression, included in general articles on spinal MR imaging [11, 18, 21-25, 
34]. However, no reports specifically addressing the role of MR in the evaluation 
of patients with cord or root compression from metastatic disease have been 
published. 
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The present retrospective study was undertaken to assess 
the efficacy of MR compared with other imaging techniques 
as a screening examination in the evaluation of patients with 
Suspected spinal cord compression secondary to metastatic 
disease. We also sought to identify any additional information 
that MR might provide. 


Materials and Methods 


Information for this study was gathered by a retrospective review 
of the medical records and radiographic studies of 58 patients who 
had undergone MR examination as part of their evaluation for sus- 
pected metastatic spinal disease. MR was performed 64 times in 58 
patients ranging in age from 5 to 91 years old. MR images were 
obtained on a 0.5-T superconductive scanner (Picker International) 
using a standard body coil. Surface coils were not used. Both T1- 
and T2-weighted sagittal MR scans were routinely obtained. Coronal 
and/or axial scans were additionally obtained in instances in which 
orthogonal views were required to completely define or exclude an 
abnormality. 

Information recorded during the medical record review included 
the clinical indication for obtaining the MR scan (asymptomatic, back 
pain only without neurologic deficit, myelopathy, or radiculopathy). In 
our review of the radiographic files, pertinent studies were reviewed 
and results recorded, including plain radiographs, conventional mye- 
lograms, radioisotope bone scans, CT, and MR examinations. 

The diagnoses were grouped in the following manner: (1) no 
evidence of metastatic disease; (2) osseous metastatic disease only 





Fig. 1.—Correlation between myelography and MR. 
A and B, Lateral metrizamide myelograms. 
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(single or diffuse foci); (3) subarachnoid space compromise without 
evidence of spinal cord compression: and (4) spinal cord compression. 


Results 


We found excellent correlation between the myelographic 
and MR studies in the 22 patients who underwent both 
examinations (Fig. 1). MR examinations were considered 
diagnostic in 60 of the 64 studies. Three of the four cases in 
which MR was considered inaccurate included one false- 
negative study in which MR failed to demonstrate a small, 3- 
mm intradural drop metastatic lesion identified on myelogra- 
phy and CT myelography; one false-positive Study in which 
MR suggested intradural lesions secondary to phase-encod- 
ing error (Fig. 2) but myelography and CT myelography proved 
normal; and one study that was uninterpretable due to motion 
artifact in which the degree of subarachnoid Space compres- 
sion could not be determined. In the fourth instance, an 
epidural lesion was undetected by MR and myelography but 
was demonstrated by contrast-enhanced CT 1 month later. 

Table 1 compares the diagnoses made on the basis of the 
MR examinations with the symptoms that prompted the 
Studies. As expected, most of the patients presenting with a 
myelopathy had spinal cord compression, or at least subar- 
achnoid space compression, demonstrated by MR. Five of 
the 22 patients presenting with back pain only, in the absence 
of neurologic deficits, also had some degree of cord compres- 
sion demonstrated on MR. 





D 


C and D, Sagittal T2-weighted MR images (TR/TE = 1700/120). Ventral extradural defects are identified on both studies at L2, T10, T8, and T7. No 


significant cord compression is present. 
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Fig. 2.—Phase-encoding artifact (false-posi- 
tive MR). 

A, T1-weighted mid-sagittal MR scan shows 
normal cervical-thoracic spinal cord without 
compression or abnormal signal intensity (TR/ 
TE = 800/40). 

B, T2-weighted MR study reveals diffuse in- 
homogeneity of spinal cord. The examination 
was erroneously phase-encoded in the horizon- 
tal rather than the vertical axis (TR/TE = 1700/ 
120). Compiete myelography and CT myelogra- 
phy were normal. 


TABLE 1: Comparison of MR Findings with Presenting Symptoms 
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MR Findings Pain Myelopathy Radiculopathy Asymptomatic 
No metastases - 2 2 
Osseous metastases 12 1 1 
Subarachnoid space 
compression 3 7 2 0 
Spinal cord compression 5 16 6 0 
(Intradural disease) 0 1 (false positive) 1 (false negative) 0 
Total 22 27 12 3 


i 


Conventional myelography followed by CT was performed 
in 22 patients. Myelography was considered diagnostic in 16 
of 22 examinations. In four of the six nondiagnostic cases, a 
myelographic block was identified after lumbar instillation of 
contrast. Rather than proceeding to C1-C2 puncture to dem- 
onstrate the upper extent of the block, either the clinician or 
the radiologist elected to perform MR or CT (Fig. 3). If these 
four cases are exempted, myelography was accurate 89% of 
the time. When the accuracy of MR is compared with myelog- 
raphy, MR provided the same diagnoses as myelography in 
19 of 22 studies. The three discrepant studies are described 
above. Most importantly, in no case did myelography or CT 
myelography provide more information about a clinically sig- 
nificant epidural lesion than did a technically satisfactory MR 
examination. 

MR provided additional information not appreciated at mye- 
lography in 13 of the 22 patients. In four patients, MR dem- 
onstrated both the upper and lower extent of the lesion where 


myelography demonstrated only one (described in the pre- 
ceding paragraph). In three patients, MR demonstrated par- 
aspinal muscle involvement not appreciated at myelography. 
In one of these patients, both MR and myelography demon- 
strated a normal spinal cord and subarachnoid space but only 
MR revealed paraspinal tumor that accounted for the patient's 
radicular symptoms (Fig. 4). MR revealed additional areas of 
cord compression in two patients. In one of these patients, 
contrast was blocked from below in the lumbar region and 
was blocked from a C1-C2 tap in the upper thoracic region. 
The myelogram was, therefore, unable to demonstrate inter- 
vening areas of disease in the thoracic region (Fig. 5). In the 
other patient, contrast was blocked from below and the 
patient was unable to undergo a C1-C2 approach because 
of marked cervical instability due to metastases. The second 
area of cord compression was therefore not demonstrated. 
In the remaining four cases, MR revealed additiona’ areas of 
osseous spinal metastatic disease. 





Fig. 3.—36-year-old man with malignant mel- 
anoma presented with lower extremity weak- 
ness and a T5 sensory level. 

A and B, Metrizamide myelograms from a 
lumbar approach show a complete block to the 
cephalad flow of contrast at T5 level in an extra- 
dural configuration (80° head-down position). 

C, CT myelogram at mid-T5 level reveals dis- 
placement of spinal cord (c) anteriorly and to 
left. A faint amount of contrast is visible. 

D, CT myelogram at T4 level reveals no me- 
trizamide, making the distinction between spinal 
cord and tumor impossible. No contrast was 
present on higher sectioning and extent of pa- 
tient’s block was not able to be seen. 

E, Mid-sagittal MR scan shows a large pos- 
terior lesion at T5 (arrows) that markedly com- 
presses the spinal cord (c) TR/TE = 550/40). 
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Fig. 4.—56-year-old man with lymphoma pre- 
sented with left L4 radicular symptoms. Myelog- 
raphy was normal. CT was not performed. 

A and B, Coronal MR images show diffuse 
signal alteration, enlargement, and fat plane dis- 
ruption of left psoas and paraspinal muscles 
when compared with the normal right (TR/TI = 
2100/600). 


Fig. 5.—Demonstration of pathology between two areas of myelographic block. 

A, Pantopaque instilled via lumbar tap is blocked at L2 level. 

B, Metrizamide introduced via lateral C1-C2 puncture is blocked at T4 level. 

C, Mid-sagittal MR scan shows marked collapse of T6 with associated ventral spinal cord compression. In addition, compression of at least the 
subarachnoid space is present at T8, T9, T10, and L1 with possible cord compression at T10 level (TR/TE = 2000/120). 
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Six patients underwent repeat MR to evaluate new or 
increasing symptoms. Progression of disease was identified 
in all six patients (Fig. 6). 


Discussion 


MR has several, general, well-recognized advantages over 
other imaging methods, including superior soft-tissue discrim- 
ination, ability to directly image in the sagittal and coronal 
planes, and the lack of exposure to ionizing radiation. More 
specifically, in relation to imaging the spinal cord, MR has 
been shown to image a variety of pathologic conditions effec- 
tively, without the need for intrathecal injection of contrast 
material. This is a significant advantage, considering patient 
discomfort, technical time required of the radiologist, and the 
host of reported, typically transient, neurologic complications 
associated with the use of intrathecal contrast. In view of the 
recent report by Hollis et al. [2] claiming a 16-24% incidence 
of rapid neurologic deterioration requiring surgery after lumbar 
puncture in the presence of complete subarachnoid block, 
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the ability to screen for metastatic spinal disease in a nonin- 
vasive manner becomes especially appealing. 

We found MR to be as reliable as myelography, even when 
followed by CT, for the demonstration of subarachnoid space 
or spinal cord compression from epidural metastatic disease. 
The T1-weighted images were best for demonstration of 
spinal cord compression, while the T2-weighted images best 
showed subarachnoid space impingement in the absence of 
cord compression. We believe that routine screening for cord 
compression from epidural metastatic disease can be accom- 
plished with a sagittal T1-weighted examination. If pathology 
is not identified and the patient has localizing symptoms, 
additional T1-weighted images in orthogonal planes and/or 
T2-weighted images are obtained to identify any subtle sub- 
arachnoid space or paravertebral disease that might be re- 
sponsible for the patient’s symptoms. In this series, MR spine 
examinations usually required between 60 and 90 min of 
scanner time compared with 2 hr needed to perform myelog- 
raphy and CT myelography. Occasionally, the combination of 
myelography and CT myelography required up to 3 hr when 
the patients were in very poor condition or when a myelo- 


Fig. 6.—36-year-old woman with breast car- 
cinoma presented with a myelopathy. Contrast 
introduced from a lumbar approach was blocked 
at T3-T4 level while contrast instilled via lateral 
C1-C2 approach was blocked at T2-T3 level. 

A, MR scan shows collapse of T3 vertebral 
body, an associated ventral epidural mass (ar- 
rowheads), and spinal cord compression. Air in- 
troduced during lumbar myelography is trapped 
within ventral subarachnoid space at T4 and T5 
levels (dots) (TR/TE = 2000/80). The patient 
underwent radiation and chemotherapy but pre- 
sented with increasing symptoms 3 months later. 

B, Repeat MR scan reveals involvement of T2 
in addition to T3, producing increased focal ky- 
phosis and bow-string compression of spinal 
cord (TR/TE = 1000/40). The patient then under- 
went anterior decompression and ventral rod- 
ding. 
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graphic block was encountered from a lumbar approach and 
a second C1-C2 tap was required. At most institutions the 
cost of an MR examination is approximately the same or 
lower than zhe cost of a complete myelogram followed by CT. 
MR, therefore, can be performed in less time without an 
increase in cost to the patient and with a definite decrease in 
discomfort. 

We have shown that MR has several additional advantages 
over other imaging methods for the evaluation of epidural 
metastatic disease. First is its ability to detect widely sepa- 
rated metastatic lesions that may not be detected myelo- 
graphically or by CT myelography because they are either 
strictly osseous and produce no subarachnoid space 
compressicn or, more importantly, because they are located 
between two areas of myelographic block. Black [1] reports 
that close to 20% of patients with spinal metastatic disease 
have at least two sites of involvement at some time during 
the course of their disease. The identification of multiple areas 
of involvement, especially if widely separated, becomes ex- 
tremely important when deciding between surgery or radio- 
therapy or in appropriate mapping of radiation ports. 

Another advantage of MR over other imaging methods is 
its ability tc demonstrate paravertebral tumor that may go 
undetected myelographically. Although CT would also be 
expected tc demonstrate paravertebral tumor, it may not be 
performed in the presence of a normal myelogram, and the 
lesion would therefore go undetected. This was the case in 
one of our lymphoma patients who presented with a radicu- 
lopathy. The myelogram was entirely normal and CT was not 
performed. MR, however, revealed tumor involvement of the 
nerve roots in the paraspinal region that was responsible for 
the patient’s symptoms (see Fig. 4). 

In our six patients who underwent two MR examinations, 
we found the repeat MR scans were especially useful to 
assess procression of disease since a preceding baseline 
scan was available for comparison. 

We founc the main limitations to the use of MR as a 
screening examination for the evaluation of epidural meta- 
static disease were primarily technical and related to motion 
artifact during sequences requiring long acquisition times, as 
well as to pnase-encoding artifacts. Two of our four nondi- 
agnostic studies involved intradural lesions (one false-positive 
and one false-negative). Our false-negative case, although 
not surgically or pathologically proven, had multiple intradural 
defects at myelography and positive CSF examination. At the 
present time we do not consider MR, at 0.5 T using a standard 
body coil, a reliable screening method for investigation of 
small intradural drop metastases. Perhaps with higher field 
strengths and the use of surface coils, intradural disease will 
be as reliably demonstrated by MR as is epidural disease. 
This, however, requires additional investigation. 
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MR Imaging of Spinal Epidural 
Sepsis 





Four patients with spinal epidural sepsis were evaluated with MR imaging. The lesions 
were best visualized with spin-echo techniques with long repetition (2000 msec) and 
long echo (80-100 msec) times. Sagittal and axial images were equally important in 
defining the extent of the lesions. Comparison with available contrast-enhanced CT 
scans showed that MR was more definitive in the early demonstration of the abscesses. 
This early recognition influenced the management greatly and improved the clinical 
outcome significantly. 

The findings in our four cases support previous reports that MR is superior to other 
imaging methods for early recognition and anatomic localization of infectious diseases 
in patients suspected of having either spinal osteomyelitis or spinal epidural sepsis. 


Spinal epidural abscess is an uncommonly encountered disease in adults and 
children. Infection usually spreads to the epidural space by the hematogenous 
route, usually from an infected skin or urinary tract focus. As with most infectious 
processes, the presence of diabetes mellitus or immunosuppressive disorders 
increases the risk of spinal epidural abscess; however, such conditions are by no 
means a prerequisite for its development. Staphylococcus aureus is the most 
common causative organism. Occasionally, gram-negative bacilli and Mycobacte- 
rium tuberculosis are found. Left untreated, the natural course of the disease leads 
to paraplegia and death [1-9]. Paraplegia results from compression of the spinal 
cord or cauda equina by the epidural mass or from thrombophlebitis of the spinal 
epidural veins resulting in venous infarction of the spinal cord. Death is a result of 
septicemia. The prognosis for survival and prevention of serious neurologic deficit 
relates to the rapidity with which appropriate decompression and antibiotic therapy 
are instituted. The neurologic deficit is less likely to be reversible the more severe 
and the longer it has been present. Thus, many authors have recognized that 
prompt and early diagnosis is critical to the management of this potentially curable 
disease [1-13]. We recently encountered four patients with spinal epidural infec- 
tions (three pyogenic, one tuberculous) in whom MR imaging of the spine led to 
expeditious treatment and better clinical outcome. 


Materials and Methods 


Four patients with spinal epidural infections (three Staphylococcus aureus, one Mycobac- 
terium tuberculosis) were examined with MR imaging. MR was performed on a GE Signa 
system with a 1.5-T superconducting magnet. The spin-echo pulse sequences were either 
T1-weighted with a repetition time (TR) of 600 msec and echo time (TE) of 25 msec and 
proton density or T2-weighted (TR = 2000 msec, TE = 20 or 80-100 msec). Images were 
obtained in both axial and sagittal planes. In three patients, contrast-enhanced CT scans of 
the spine were obtained on a Siemens DR3 Somatom or Picker 1200 SX unit. Radiographs 
of the spine were available in all cases. 
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Case Reports 


Case 1 


A 43-year-old man complained of progressively severe low back 
and leg pain 1 month after an L4-L5 diskectomy. He was afebrile 
and his wound had healed well. Bladder and bowel function were 
intact. His history included a splenectomy after abdominal trauma. 
Physical examination showed severe lumbar muscle spasm. No neu- 
rologic deficits were elicited. Initial laboratory studies revealed leu- 
kocytosis of 22,500/mli and an erythrocyte sedimentation rate of 30 
mm/hr. Plain radiographs of the lumbar spine showed collapse of the 
L4-L5 disk interspace. No lytic lesions of the vertebral bodies were 
noted. Contrast-enhanced CT at the L5 level showed a mass in the 
posterior paraspinal region with slight ring enhancement (Fig. 1A). 
Minimal indentation of the dural sac was noted on its left anterior 
margin. Midsagittal T2-weighted MR images showed a high-signal- 
intensity mass in the posterior paraspinal region (Fig. 1B). This had 
decreased signal intensity on T1-weighted sequences. On axial im- 
ages, the dural sac was seen to be indented on its left lateral margin 
by a mass of heterogeneous signal intensity. This mass was contin- 
uous on its most lateral margin with the high-signal-intensity posterior 
paraspinal mass (Fig. 1C). The disk signal intensity at the L4-L5 level 
was decreased, with slightly increased signal intensity of the adjacent 
vertebral bodies. The diagnosis of a paraspinal abscess with epidural 
extension was made and surgical drainage was performed. Culture 
grew Staphylococcus aureus, coagulase negative. Appropriate anti- 
biotic therapy was instituted and the patient was subsequently dis- 
charged with relief of pain and no neurologic deficit. 


Case 2 


A 62-year-old man was seen because of increasingly severe low 
back pain and fever. The pain radiated to both legs and progressed 
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over a period of 7-10 days until the patient was unable to walk. 
Difficulty in urination was reported. Further questioning revealed 
treatmert for periodontal infection 4 weeks before the onset of back 
pain anc fever. On physical examination, there was severe muscle 
spasm, making neurologic assessment difficult. The Achilles reflex 
on the left was absent and the right patellar reflex was diminished. 
Initial laboratory studies showed mild leukocytosis of 11,500/ml. 
Blood culture yielded Staphylococcus aureus coagulase-positive or- 
ganisms Radiographs of the lumbar spine were normal. A contrast- 
enhanced CT scan of the lumbar spine showed a nondiscrete mass 
in the let posterior paraspinal region (Fig. 2A). MR imaging showed 
a mass n the left posterior paraspinal muscles that had decreased 
signal intensity on T1-weighted images and markedly increased signal 
intensity on T2-weighted sequences (Figs. 2B-2E). The mass had 
discrete borders and extended from the L4 to S1 level. In addition, a 
diffuse erea of lower signal intensity was noted around this mass that 
extended to the left neural foramina at the L5-S1 level. At a lower 
level, the mass had displaced the left lateral border of the dural sac. 
The left facet joint at L5-S1 showed a linear area of increased signal 
intensity. CT-guided needle drainage of the left paraspinal mass was 
done, and cultures revealed Staphylococcus aureus. After drainage 
and appropriate antibiotic therapy, there was progressive diminution 
of the lew back pain and return of neurologic function. 


Case 3 


A 12-year-old boy was injured in a three-wheeler accident sustain- 
ing multiple contusions and a laceration of the right knee. Transient 
purulert discharge from the knee wound was noted. Four weeks 
after the accident, the patient developed low back pain and low- 
grade fever. On examination, he had mild back tenderness, spasm, 
and mmimal limitation of motion, but no neurologic deficit. Initial 
laboratory examination showed no leukocytosis, but the erythrocyte 
sedimentation rate was 62 mm/hr. Radiographs of the lumbar spine 





Fig. 1.—Case 1. A, Contrast-enhanced CT scan through L5 vertebra shows low-density mass (arrow) with mild ring enhancement in posterior paraspinal 
region. Note laminectomy changes. Indentation of dural sac on left anterolateral margins is from nondiscrete, minimally enhancing soft-tissue-density 


mass (arrowhead). 


B, Midsagittal T2-weighted MR image (TR = 2000 msec, TE = 100 msec) shows high-signal-intensity discrete mass (arrow) in posterior paraspinal 
area. Disk at L4-L5 (site of diskectomy) shows decreased signal intensity. There is sleght increase in signal through vertebral margins of L4 and L5. There 
is displacement of dural sac by heterogeneous-intensity mass extending from disk margin of L4-L5 to lower L5 vertebra. 

C, Axial T2-weighted MR image (TR = 2000 msec, TE = 100 msec) through L5 vertebra shows discrete high-signal-intensity posterior paraspinal mass 
(arrow). Heterogeneous-signal-intensity anterior epidural mass (arrowhead) displaces thecal sac posteriorly and to the right. Mass is contiguous with 


large posterior paraspinal mass. 
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Fig. 2.—Case 2. A, Axial CT section through L5-S1 disk shows left posterior paraspinal soft-tissue swelling (arrow). Density is increased and fat is 


absent in left neural foramen. 


B, Axial T2-weighted MR image (TR = 2000 msec, TE = 100 msec) through L4 vertebra shows discrete area of high signal intensity in left posterior 


paraspinal region (arrow). 


C, Lower section through L5-S1 disk shows discrete high-signal-intensity mass in left posterior paraspinal region (arrow). There is area of increased 
linear signal along facet joint of L5-S1 on left (arrowhead). Dural sac is minimally indented along its left anterolateral margin. 
D, Slightly lower section through S1 vertebra reveals definite displacement of dural sac on its left anterolateral margin by epidural mass with 


heterogeneous signal intensity (arrow). 


E, Parasagittal T2-weighted MR image (TR = 2000 msec, TE = 100 msec) through left paraspinal region shows extent of discrete high-signal-intensity 


mass. 


showed straightening of the normal lordotic curve. Because of clinical 
suspicion of spinal osteomyelitis, a technetium-labeled bone scan 
and an indium-labeled leukocyte scan were obtained; both were 
negative. T2-weighted MR sequences (TR = 2000 msec, TE = 80 
msec) showed an area of markedly increased signal intensity at the 
L4—L5 epidural space adjacent to the right lamina that extended into 
the right posterior paraspinal region (Fig. 3A). There was displace- 
ment of the adjacent dural sac. A repeat bone scan 2 weeks after 
the initial bone scan showed an area of increased activity at the L4- 
L5 level. A contrast-enhanced CT scan at this time showed the mass 
in the right epidural space and a lytic lesion of the right lamina of L4 
(Fig. 3B). Open drainage of the epidural abscess and excision of the 
affected bone were performed. Cultures grew Staphylococcus au- 
reus, COagulase-positive, and appropriate antibiotic coverage was 
instituted. The back pain resolved after surgery, and the patient was 
discharged with no neurologic deficit. 


Case 4 


A 61-year-old woman had a 6-month history of back pain with an 
associated 11-kg weight loss. A brother had been treated for pul- 
monary tuberculosis. Five days before admission, she noted onset of 
leg weakness. Admission examination disclosed tenderness in the 
mid back region and an area of skin in the thoracic region burned 
from chronic application of heat. The patient had weakness of the 
left quadriceps and anterior tibial muscles with spasticity and unsus- 
tained clonus on the left. Hyperactive deep tendon reflexes were 
noted bilaterally in the lower extremities, and she had a sensory level 
at the T10 level. Initial laboratory studies were normal except for an 
erythrocyte sedimentation rate of 56 mm/hr. Tuberculosis skin test 
was positive. Radiographs of the thoracolumbar spine showed a 
destructive lesion of the vertebral bodies at the T10 and T11 levels. 
Associated bilateral paravertebral masses were noted. MR of the 
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spine showed abnormal signal intensity of the bodies of T10 and T11 
(Fig. 4). Diminished signal intensity was seen on T1-weighted se- 
quences with a heterogeneously increased signal intensity on T2- 
weighted sequences. On the sagittal images, the disk space was 
difficult to see. A significant paraspinal component of the osteomye- 
litis extended posteriorly, markedly compromising the dural sac and 
spinal cord. The mass also extended laterally and anteriorly. There 
was mixed signal intensity within the mass. The patient underwent 
exploration of the thoracic spine by a lateral costotransversectomy. 
On entering the retropleural space, the abscess cavity on the left side 
was entered and drained. Infected bone was removed and strut grafts 
were placed by using resected ribs. The abscess material in the 
epidural space was also removed. Postoperatively, the patient re- 
gained neurologic function. Pathologic examination of the operative 
material showed caseous necrosis with Langhans’ cells, and acid- 
fast organisms were identified in the specimen. Long-term antituber- 
culous therapy was instituted. 


Discussion 


The spinal epidural space is usually infected by hematoge- 
nous spread from remote septic foci (skin infections, urinary 
tract infections, respiratory tract infections, generalized sep- 
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Fig. 3.—Case 3. A, Axial T2-weighted MR 
image (TR = 2000 msec, TE = 80 msec) through 
L4-L5 interspace shows posterolateral epidural 
mass with increased signal intensity adjacent to 
right lamina. Mass compresses dural sac. Notice 
indistinct mass in right paraspinal muscles with 
slightly increased signal. 

B, Contrast-enhanced CT scan in same area 
shows lytic lesion of right lamina with adjacent 
epidural mass. 


Fig. 4.—Case 4. A, Midsagittal T1-weighted 
MR image (TR = 600 msec, TE = 25 msec) shows 
marked compression of dural sac and cord at 
T10-T11 level by epidural mass emanating from 
adjacent vertebral bodies. Vertebral bodies have 
mixed signal intensity with areas of decreased 
signal intensity within them. Epidural mass has 
homogeneous intermediate signal intensity. 
Note prevertebral mass. 

B, Midsagittal T2-weighted MR image (TR = 
2000 msec, TE = 100 msec) again shows marked 
cord compression at T10 and T11. Vertebral bod- 
ies show mixed signal intensities with endplates 
at T10-T11 disk having decreased intensity 
while rest of these vertebral bodies show slightly 
increased signal intensity. Epidural and prever- 
tebral masses show higher signal intensities. 


ticemia, dental and periodontal disease, and IV drug users 
[1-6, 10]. However, direct infection of the epidural tissues 
can occur after a spinal puncture, penetrating injury to the 
spine, previous spine surgery, and chemonucleolysis [14]. 
Adjacent paraspinal infections can likewise invade the epidural 
space. The epidural space may be directly infected or sec- 
ondarily involved from adjacent osteomyelitis [4, 15]. Dandy 
[1] stressed the likely occurrence of the infection in the dorsal 
aspect of the spine and the frequency of involvement of the 
thoracic and lumbar spine at multiple contiguous levels. 

Staphylococcus aureus is the most common organism 
found in spinal epidural abscess [2-5]. Recently, there has 
been an increase in the number of infections with gram- 
negative bacilli and opportunistic organisms [2, 4]. In the past, 
Mycobacterium tuberculosis was a common cause of spinal 
epidural abscess [4, 16]. Lately, the frequency of tuberculous 
involvement of the spine has declined in the United States, 
although in underdeveloped nations it is still a commonly 
encountered disease. Spinal tuberculosis is caused by a 
reactivation of a primary infection, and at times, the primary 
site in the lung cannot be seen on chest radiographs. 
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In 1948, Heusner [3] found a pattern common to the clinical 
presentatian of spinal epidural abscess. He described four 
phases of the disease process, starting with spinal ache 
progressing to root pain, subsequent weakness, and eventual 
paralysis. He also recognized two clinical progressions of 
spinal epidural abscess: acute and chronic. In the acute type, 
the progression to neurologic deficits was rapid, ranging from 
a few days to a week, whereas in the chronic type, the 
progression was delayed, ranging from weeks to months. He 
emphasized prompt recognition of this clinical presentation, 
noting that the combination of fever, severe spinal pain, and 
tenderness should suggest the diagnosis. Other clinical signs 
and symptoms include loss of the normal spinal curvature, 
leukocytosis, and an elevated erythrocyte sedimentation rate. 
The late phase is accompanied by paraparesis and bladder 
and bowel incontinence. 

Myelography and puncture of the abscess site have been 
recommended as important diagnostic studies [2-4, 17]. The 
cervical approach to the spinal puncture is preferred to avoid 
puncture of the abscess and resultant meningitis. Usually a 
complete spinal block is present. On diagnosis, surgical de- 
compressive procedures and abscess drainage should be 
done. Even brief delay in surgical management after onset of 
paraplegia may result in a poor surgical outcome. Thus, the 
successful treatment of a patient with spinal epidural abscess 
hinges on early diagnosis. 

In our cases, MR and contrast-enhanced CT localized the 
sites of infections accurately. In all cases, MR demonstrated 
the extent and degree of epidural involvement and the com- 
pressive effect on the adjacent dural sac and underlying spinal 
cord. In cases 1 and 2, the posterior paraspinal abscess and 
its inflammatory spread into the epidural space was diag- 
nosed promptly. In case 3, MR clearly showed the abscess 
in the right epidural space at a time when the bone scan and 
indium-labeted leukocyte scan were negative. In case 4, the 
degree of spread of the tuberculous abscess in the paraspinal 
area influenced the surgical approach to the lesion. In all 
cases, the MR findings were conclusive enough to obviate 
myelography. 

In all cases, T1- and T2-weighted images displayed the 
anatomic abnormalities equally well. T2-weighted imaging 
showed an advantage in its ability to differentiate the various 
components of the inflammatory process. Discrete areas of 
markedly increased signal intensity corresponded pathologi- 
cally to the liquid part of the infection (abscess cavity). Non- 
discrete areas with mildly increased signal intensity repre- 
sented the surrounding inflammatory edema and granulation 
tissue. On contrast-enhanced CT, the abscess cavity was 
seen as a central area of decreased density with a mildly 
enhancing nm, as shown in cases 1 and 3. Demonstration of 
an abscess cavity led to a more aggressive clinical approach. 

In case 1, MR and CT easily showed the midline paraspinal 
abscess. However, MR was more informative in demonstrat- 
ing the full limits of the abscess and its inflammatory extent 
into the epidural space. In case 2, contrast-enhanced CT 
showed soft-tissue swelling in the left posterior paraspinal 
region but was not able to characterize the various compo- 
nents of the inflammatory process. MR showed the posterior 
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paraspinal abscess and its spread into the left facet joint and 
epidural space, which led to percutaneous drainage and ap- 
propriate antibiotic coverage. In case 3, MR findings of an 
abscess in the right epidural space with extension of the 
infection into the adjacent posterior paraspinal region and 
possible osteomyelitis of the adjacent lamina led the clinicians 
to a more aggressive workup. A subsequent CT scan showed 
the epidural mass and the lytic osteomyelitis of the lamina. 
Despite the inability of MR to visualize bony destruction 
directly, osteomyelitis could be inferred from the abnormal 
signals in bone, as noted in cases 3 and 4. Recent reports by 
Modic et al. [18, 19] showed the extreme usefulness of MR 
in defining spinal osteomyelitis. Finally, direct sagittal MR 
imaging with extended coverage of multiple levels of the spine 
helped in screening for potentially infected sites and in defining 
the limits of the abscess, whether it was in a paraspinal or 
epidural location. In case 4, spinal cord compression by the 
epidural component of the spinal tuberculous abscess was 
easily seen. 

The four cases in our report support previous reports that 
MR is a superior imaging method for the early recognition and 
anatomic localization of infectious processes in patients sus- 
pected of having either spinal osteomyelitis or spinal epidural 
sepsis. 
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Ultrasonography of the Neck. By Jean-Noël Bruneton. New York: Springer-Verlag, 118 pp., 1987. $65.50 


This book covers the imaging of all solid organs of the neck by 
ultrasonography. In addition to thyroid, parathyroid, and cervical 
adenopathies, the salivary glands, tongue, and tonsils have received 
considerable attention. The major vessels of the neck (carotid artery 
and jugular vein), however, have not been included. 

The book consists of seven chapters. The first discusses instru- 
mentation and imaging techniques and contains a detailed topo- 
graphic anatomy, with pertinent drawings and sonograms, of all solid 
organs of the neck. The second and third comment on thyroid and 
parathyroid diseases. Chapter 4 is devoted to tumors, inflammations, 
and other diseases of the salivary glands. These first four chapters 
offer detailed clinical analyses and a nice array of high-quality illustra- 
tions, especially regarding salivary gland pathology. Chapter 5 deals 
with cervical adenopathies. Chapters 6 and 7 present the applications 
of ultrasonography in other unusual sites of pathology, such as the 
tongue, the tonsil, neurogenic tumors, and cervical cysts, and in 
children. 

The book is a translation of an original French version. Although 
terms unfamiliar to English-speaking readers are sometimes used, 
such as “reinforcement” for acoustic enhancement and “bosselated” 
for lobulated, the translation is very good in general, and the book is 


easy to read. The topographic anatomy in chapter 2 is rich in details. 
It describes the landmarks that are necessary to know on a sono- 
gram, and it gives a didactic overview of many other anatomic points 
that cannot be visualized with sonography but that are important for 
an understanding of the relationship between different organs of the 
neck. | tnink that the chapters on thyroid and parathyroid are a 
concise presentation of a subject that is covered abundantly in the 
English literature. | particularly enjoyed the chapter on salivary glands 
in which the authors provide a rich atlas of tumors and other related 
pathologies. The value of this chapter is enhanced further by the fact 
that the English literature is scarce on this topic. | wish that the 
chapter on pediatric cervical sonography were more detailed. 
Throughcut the book, the discussions of imaging techniques other 
than sonography in the evaluation of organs of the neck are of 
interest. 

Ultrasonography of the Neck is a well-organized, condensed text- 
book tha! could be valuable to the novice and would make a useful 
addition to the libraries of teaching departments. 

Joseph Fakhry 
New York Medical College 
Valhalla, NY 10595 


Ultrasonic Diagnosis of Cerebrovascular Disease. Doppler Techniques and Pulse Echo Imaging. Edited by M. 


P. Spencer. Boston: Nijhoff, 302 pp., 1987. $79.50 


Cerebrovascular sonography is coming of age as a Clinical diag- 
nostic tool. This well-written book on this fledgling technique is a 
welcome addition to the field. It is a collection of 19 scientific papers, 
most of which are written by European authors. Unlike many multi- 
contributor books, this one is not repetitious, but it is uneven in its 
orientation. At times it appears to be written for the technologist, at 
other times for the radiology resident, and lastly for the clinician. 

The first 100 pages are a rehash of elementary cerebrovascular 
anatomy and physiology, with clear chapters on physics and instru- 
mentation. The middle 100 pages cover the use of Doppler technology 
in carotid disease. The last 100 pages are a mixed bag on vertebro- 


vascular disease, real-time Doppler color flow and B-mode mapping, 
operative Doppler sonography, and transcranial Doppler imaging. 

Although the basis of this book is laboratory study, it can be read 
quickly. The clinical images and bibliography need updating. The line 
drawings are consistently helpful. 

The book gives a good overview of cerebrovascular sonography, 
and | recommend it to all technologists, residents, and clinicians who 
have an nterest in the subject. 

Edward V. Grayson 
Radiology Associates of Hollywood, P. A. 
Hollywood, FL 33083 
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Actinomycosis: CT Findings in Six 
Patients 





Actinomycosis is an uncommon disease with clinical and radiographic findings that 
overlap those of other inflammatory and neoplastic conditions. A retrospective review 
of CT scans in six proved cases revealed a spectrum of findings, including soft-tissue 
mass with various degrees of infiltration and abscess formation. Administration of IV 
contrast material was helpful in defining the loculations of the abscess in two cases. 
Areas of involvement included the neck (two cases), liver (one case), abdominal wall 
(one case), thorax (one case) and kidney and retroperitoneum (one case). 

CT findings of a soft-tissue mass in the neck, lungs, or abdomen, with or without a 
draining sinus or fistula, raise the possibility of actinomycosis in patients with clinical 
findings that suggest a subacute or chronic inflammatory process. 


Actinomycosis is a chronic suppurative infection characterized by formation of 
multiple abscesses, draining sinuses, and abundant granulation tissue. The three 
major clinical presentations of actinomycosis include the cervicofacial, thoracic, 
and abdominopelvic regions. Because only scattered case reports have described 
the CT appearance of actinomycosis [1-4], we performed a retrospective analysis 
of the CT features in six proved cases. 


Materials and Methods 


A review of medical records at our institutions from 1982 to 1986 yielded records of six 
patients with a diagnosis of actinomycosis. The group consisted of three men and three 
women, aged 38 to 71 years. Fever was present in four and weight loss in two. A palpable 
mass was present in four cases, and a draining sinus or fistula was present in two cases. 
The WBC count at the time of admission ranged from 5900 to 14,400/ul. Duration of 
symptoms before diagnosis ranged from 6 weeks to 2 years. Diagnosis was made by surgical 
or percutaneous biopsy in five cases and bronchoscopic washings in one. CT-directed 
aspiration biopsies were performed in two cases. Each of the six patients had a CT 
examination at the time that the diagnosis was made. 

The CT studies were performed on several units, including the GE 8800, GE 9800, and 
the Varians V-360. Scan increments varied from 5 to 10 mm, depending on the region to be 
studied. IV contrast material was given for examination of the neck and abdomen, and dilute 
oral contrast material was administered before abdominal examinations. CT of the thorax 
was obtained both before and after administration of IV contrast material. 


Results 


Two cases of actinomycosis involved the cervicofacial region. In one, CT after 
administration of IV contrast material showed a soft-tissue mass infiltrating the left 
sternohyoid/sternothyroid muscles slightly inferior to the left submandibular gland 
(Fig. 1). The mass was irregular along its anterior margin and did not have a well- 
defined rim or capsule. The mass had slightly less attenuation than did adjacent 
muscles. In the other case, the inflammatory process infiltrated the paraspinous 





Fig. 1.—Cervicofacial actinomycosis. En- Fig. 2.—Cervicofacial actinomycosis. 
hanced CT scan of neck shows infiltrative mass A, Unenhanced CT scan of neck shows infiltratin 
involving left sternohyoid/sternothyroid muscles musculature and adjacent posterior triangle. 
(arrows). B, CT scan after administration of IV contrast material shows enh 
Apparent bony destruction of right aspect of vertebral body is artifact 


muscles bilaterally at the C1-C3 level (Fig. 2). Contrast- 
enhanced CT showed mild rim enhancement on the right but 
none on the left. 

In the single case of thoracic actinomycosis, CT showed a 
mass in the peripheral portion of the superior segment of the 
left lower lobe. Pleural thickening was possibly present, but 
no extrapleural mass or bony involvement was evident. Sev- 
eral, small low-attenuation areas within the infiltrate on the 
contrast-enhanced study probably represented necrosis 
(Fig. 3). 

Three cases involved the abdomen. In one case, a multiloc- 
ulated low-attenuation abscess was present in the right lobe 
of the liver. After administration of IV contrast material, en- 
hancement of the septa between the loculations allowed 
better visualization. In the second case, CT showed a mass 
involving the anterior abdominal wall (Fig. 4). The mass had 
slightly less attenuation than adjacent liver on the enhanced 
CT and no peripheral rim or loculations. In the third case, a 
supine abdominal radiograph showed a soft-tissue mass, and 
an excretory urogram showed a mass compressing the right 
renal pelvis. CT showed a multiloculated, infiltrating retroper- 
itoneal mass, apparently arising from the right renal hilus and 
secondarily involving the perirenal and posterior pararenal 
spaces, the right psoas, quadratus, and multifidus muscles, 
as well as the posterolateral abdominal wall (Fig. 5). The 
contrast-enhanced study showed marked enhancement of 
the walls and septa outlining the separate loculations. CT 7 
weeks after the initial study showed only a few remaining 
strands of soft tissue in the posterior perirenal and pararenal 
areas. 


Discussion 


Actinomycosis is a chronic, progressive, infection caused 
by the Actinomyces organism, a gram-positive anaerobic 
bacterium. A presumptive diagnosis of actinomycosis can be 
made by identification of the “sulfur granules” in the abscess 
or in the discharged material from the sinus tract. The diag- 
nosis is established by culture in fewer than 50% of cases 
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Fig. 4.—Actinomycosis of anterior abdominal 
wall. 

A, CT scan shows abdominal wall mass contig- 
uous with liver (arrows). 

B, Lower scan shows extension to right aspect 
of rectus muscle (arrows). 


Fig. 5.—Renal and retroperitoneal actinomy- 
cosis. 

A, Unenhanced CT scan shows mass (arrows) 
involving pemrenal, posterior pararenal spaces and 
psoas, quadratus, and paraspinous muscles. 

B, CT scan after administration of IV contrast 
material shows enhancement (white arrows) of 
walls and septa of multiloculated abscess. Inflam- 
matory mass infiltrates renal sinus (black arrows). 


A 


[5]. High-dose IV penicillin remains the usual treatment. 

Cervicofacial actinomycosis is the most common clinical 
form of the disease. Dental extractions, carious teeth, and 
maxillofacial trauma are often precursors. The most common 
clinical presentation is a fluctuant mass near the mandibular 
angle. Infiltrative-mass involvement of the paraspinal neck 
musculature, seen in one of our cases, has not been previ- 
ously reported. The differential diagnosis includes both pri- 
mary and secondary neoplasms, mycobacterial infection (tu- 
berculous and atypical), branchial cleft cyst, sialadenitis, and 
thyroiditis. 

Thoracic-actinomycosis is usually the result of aspiration of 
infected material in the oropharynx. Normal gravitational and 
anatomic factors result in a predominance of lower-lobe pul- 
monary disease. Chronic pneumonia occurs, which may be 
associated with pleuritis, abscess, and fibrosis. Empyema 
allows extension to the chest wall and, ultimately, may lead 
to a fistula. Radiograpic findings include peripheral nonseg- 
mental basilar infiltrates, masslike consolidation, cavitation, 
and pleura! effusion or pleural thickening [6]. Chest-wall ex- 
tension may be manifested by either soft-tissue mass, rib 
periostitis, or rib or vertebral body destruction [2]. Differential 
diagnoses include other bacterial or fungal pneumonias and 
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primary or secondary neoplasms. The possibility of neoplasm 
is especially important to exclude when chest-wall involve- 
ment is present. 

The pathogenesis of abdominopelvic actinomycosis is not 
well understood. Patients often have a history of a perforated 
viscus, recent surgery (especially appendectomy), or use of 
intrauterine devices. The appendix is the most common in- 
traabdominal organ involved. Other reported sites include the 
colon, stomach, liver, gallbladder, pancreas, small bowel, 
anorectal region, pelvis, abdominal wall, and urinary tract 
[7]. Of the six cases in this report, one case each involved 
the liver, the anterior abdominal wall, and the kidney and 
retroperitoneum. CT findings in the cases of hepatic and 
abdominal-wall actinomycosis were similar to those described 
in two previous reports [1, 4]. Retroperitoneal involvement by 
actinomycosis has been reported rarely [8]. The differential 
diagnoses include various primary or secondary neoplasms 
(including lymphoma) and inflammatory processes such as 
Crohn disease, ulcerative colitis, diverticulitis, appendicitis, 
tuberculosis, amebiasis, and tubo-ovarian abscess. 

In our six cases, the CT findings of actinomycosis varied 
because of a number of factors, including the stage of the 
disease, the region affected, and whether or not IV contrast 
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material was administered. The CT attenuation of the inflam- 
matory masses associated with actinomycosis was variable, 
although it was generally less than that of muscles or solid 
viscera. The mass may be localized and well marginated, or 
it may infiltrate widely. If loculations are visible, contrast 
enhancement of the walls and septa may occur. Pulmonary 
findings include either a nonspecific basilar infiltrate or a 
masslike consolidation with chest-wall extension. 
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Increased Salivary Gland Density 
on Contrast-Enhanced CT After 
Head and Neck Radiation 





In an attempt to determine whether radiation therapy leads to an increased density 
of salivary glands on subsequent contrast-enhanced CT, 109 CT scans from 78 patients 
with head and neck tumors were reviewed. The density of parotid and submandibular 
glands was subjectively evaluated (compared with adjacent muscle) and correlated with 
treatment including surgery, chemotherapy, and radiation. Density of the parotid and/or 
submandibular glands was found to be significantly associated with previous irradiation 
on contrast-enhanced scans (p < .05). One or both glands were denser than normal in 
seven (44%) of 16 patients who received only radiation therapy and in eight (38%) of 
21 who received chemotherapy and radiation therapy, compared with only two (10%) of 
20 patients who received chemotherapy alone and two (4%) of 52 patients who received 
neither. The type or amount of irradiation, type of chemotherapy, or timing of the CT 
scan after the initiation of treatment was not found to be significant. 

We conclude that the density of the parotid and/or submandibular glands on contrast- 
enhanced CT is frequently increased after radiation therapy for tumors of the head and 
neck. 


The normal appearance of salivary glands on CT has been well described 
[1-5]. Parotid glands are of a density less than or nearly equal to that of adjacent 
muscle [1, 2, 6], and submandibular glands are nearly equal in density to adjacent 
muscle [1, 2]. Sublingual glands, while inconsistently identified, are also nearly 
equal in density to adjacent muscle. 

In patients with head and neck tumors, abnormally dense salivary glands occa- 
sionally have been reported from direct tumor invasion [6-8]. However, increased 
salivary gland density has also been observed in treated patients with head and 
neck tumors who have no evidence of tumor invasion [9, 10]. While several 
authorities have suggested that this latter finding represents a postradiation effect, 
it has not been specifically studied or distinguished from other types of therapy 
including chemotherapy and surgery. Also, the effect of IV contrast material, which 
may be important, has not been previously evaluated. 

To determine whether increased salivary gland density does represent a postra- 
diation effect, we studied 109 CT scans obtained in 78 patients with head and 
neck tumors. 


Materials and Methods 


The study group consisted of 78 patients with head and neck tumors who had 109 CT 
scans of the neck before and/or after treatment at University of Washington Hospital between 
January 1983 and May 1986. Scans were obtained before treatment in 34 cases, after 
irradiation in 37 cases (21 also received chemotherapy), after chemotherapy alone in 20 
cases, and after surgery alone in 18 cases. In 22 patients, CT scans were obtained both 
before and after irradiation. 

Information regarding the type and location of tumor is shown in Table 1. The mean age 
was 59 years (range, 18-87 years) with a male predominance of approximately 3:1. The 
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TABLE 1: Tumor Location and Type in Patients Examined by 
CT for Salivary Gland Density Before and/or After Radiation 
Therapy for Tumors of the Head and Neck 
{eae eE SR Se SS se nes SS a ae ee see ce es 
No. of 

Tumor Patients 
Location: 

Hard palate/oropharynx 17 

Floor of mouth/tongue 12 

Parotid gland 11 

Epiglottis/nypopharynx 11 

Larynx 10 

Nasopharynx/parapharyngeal 4 

Submandibular gland 3 

Maxillary sinus 3 

Neck soft tissue 3 

Other 4 

Total 78 


Type: 
Squamous-cell carcinoma 
Adenoid cystic carcinoma 
Undifferentiated carcinoma 
Pleomorhic adenoma 
Mucoepidermoid 
Acinar carcinoma 
Other 

Total 


> 
ONWWAOO 
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predominant tumor type was squamous-cell carcinoma, which rep- 
resented 62% of the total. Forty of the tumors were located in the 
oral cavity (hard palate, oropharynx, floor of mouth), tongue, and 
epigilottis/hypopharynx. Eleven parotid-gland and three submandib- 
ular-gland tumors were also seen. 

CT scans were obtained with a General Electric 9800 or 8800 
system or a Picker 1200 scanner. In most cases, 5-mm contiguous 
axial scans from the base of the skull to the thoracic inlet were 
obtained with IV contrast material. Occasionally, follow-up studies 
included limited scans directed only at the site of the original tumor. 
As this was a retrospective study, the rate and amount of IV contrast 
material varied, but most cases had rapid drip infusion of 150 ml of 
Conray 60. Scans were obtained 2-153 weeks (mean, 30 weeks) 
after completion of radiation therapy in those patients who were 
irradiated. 

CT scans were blindly reviewed by three radiologists without 
knowledge of the type of tumor or previous treatment. The density 
of the parotid and submandibular glands was subjectively graded as 
(1) less than that of adjacent muscle, (2) equal to that of adjacent 
muscle, (3) greater than that of adjacent muscle but much less than 
that of contrast-enhanced vessels, or (4) much greater than that of 
adjacent muscle and approaching that of contrast-enhanced vessels 
(Figs. 1 and 2). Parotid glands were judged to be abnormally dense 
when they were grade 3 or 4; submandibular glands were judged to 
be abnormally dense when they were grade 4. Both sides were 
evaluated independently unless a gland was surgically absent or had 
CT or Clinical evidence of tumor invasion, in which case only the 
contralateral gland was evaluated. Each scan was also subjectively 
evaluated as to the quality of IV contrast enhancement, and was 
graded as showing excellent, satisfactory, poor, or no contrast en- 
hancement. 

Subsequently, the patients’ hospital, clinic, and radiation oncology 
records were reviewed to evaluate the type, dates, and amount of 
treatment. The radiation fields, type and dates of surgery, and/or 
chemotherapy were also noted. Three patients had only neutron 
therapy and six patients had a combination of neutrons and photons; 
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the remainder had only photons. Chemotherapy was primarily 5- 
fluorouracil and cis-platinum. 

Statistical analysis was performed with chi-square contingency 
tables to evaluate gland density and with Kruskal-Wallis and Mann- 
Whitney nonparametric methods to evaluate the significance of the 
time delay after treatment. 


Results 


The type of treatment is compared with the density of the 
parotid and submandibular glands in Table 2. Increased pa- 
rotid gland density (grade 3 or 4) was observed in 25% and 
38%, respectively, of patients who received radiation alone 
or radiation plus chemotherapy, compared with only 10% of 
patients who received chemotherapy alone and 4% of pa- 
tients who received neither (p < .05) (Table 3). Similarly, 
increased submandibular gland density (grade 4) was ob- 
served in 44% and 28%, respectively, of patients who re- 
ceived radiation alone or radiation plus chemotherapy com- 
pared with only 11% of patients who received chemotherapy 
alone and 2% of patients who received neither (p < .05). 

Of 22 patients in whom scans were obtained both before 
and after radiation therapy, 10 (45%) demonstrated an interval 
increase in parotid and/or submandibular gland density from 
normal to abnormal. Only one patient who had dense parotid 
and submandibular glands before treatment showed an inter- 
val decrease in submandibular gland density, approaching 
normal glandular density. 

Salivary gland density was symmetric in all cases except 
one, in which asymmetry of the parotid glands was seen. 
Increased density tended to involve both the parotid and 
submandibular glands to a similar degree. Three patients 
showed increased density of only the parotid glands, and 
their tumors were located in the tonsillar region (two cases) 
or nasopharynx (one case). Three patients showed increased 
density of only the submandibular glands, and their tumors 
were located at the base of the tongue, supraglottic region, 
or near the parotid gland. Of 15 patients who demonstrated 
abnormally dense submandibular glands, 10 also showed 
abnormally dense sublingual glands. 

The quality of IV contrast enhancement was found to 
contribute to salivary gland density. Irrespective of the treat- 
ment group, all but one of the patients who showed increased 
Salivary gland density were judged to have satisfactory to 
excellent contrast enhancement. However, even when the 
quality of contrast enhancement was explained by excluding 
scans with poor or no contrast enhancement, postradiation 
effects continued to be significantly associated with increased 
salivary gland density (see Table 3). 

Other factors that were analyzed but not found to be 
significantly associated with increased salivary gland density 
included the patient's age, tumor type (although patients who 
received neither radiation or chemotherapy had more benign 
tumors), surgery, type of chemotherapy, time interval be- 
tween treatment and CT, and type or amount of radiation. 
The minimum radiation dose associated with increased sali- 
vary gland density was 4500 rad (45 G) for photons and 2040 
rad (20.4 G) for neutrons. 
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Fig. 1.—Grading of parotid gland 
density. 

A, Grade 1. Parotid gland (P) density 
appears less than that of adjacent mas- 
seter muscle (M). 

B, Grade 2. Parotid gland density 
appears equal to that of adjacent mus- 
cle. 

C, Grade 3. Parotid gland density 
appears greater than that of adjacent 
muscle, but less than that of contrast- 
enhanced vessels (V). 

D, Grade 4. Parotid gland density 
appears much greater than that of ad- 
jacent muscle and approaching that of 
contrast-enhanced vessels. 


Discussion 


The salivary glands are sensitive to the effects of radiation. 
Degeneration of acini after high-dose radiation has been 
reported in humans [11] and in the rat parotid gland [12, 13]. 
The amount of radiation-induced damage to the salivary 
glands is reflected by a decrease in salivary gland function, 
which can be measured as a resting saliva flow rate. A dosage 
of 450-4050 rad (4.5-40.5 Gy) has been shown to cause an 
irreversible decrease in saliva flow [14]. The amount of radia- 
tion required to decrease Saliva flow varies among individuals 
and is related to the whole saliva flow rate before treatment 
[15]. Clinically, decreased saliva production is manifested by 
symptoms of xerostomia [14, 16-19], radiation caries [17, 
18], and loss of taste [19, 20]. Xerostomia is the most 
common side effect encountered with therapeutic doses of 
radiation to the head and neck, especially when ports involve 
the salivary glands. 

Our present study shows that postradiation effects to the 
salivary glands are frequently identified as an increased den- 
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sity on contrast-enhanced CT scans. This observation has 
been suggested by other authors, including Schaefer et al. 
[10], who described increased contrast enhancement of the 
parotid glands in some of 47 patients after radiation treatment. 
However, the observed frequency of this finding and the 
effects of chemotherapy and IV contrast enhancement were 
not reported. While the relationship between CT findings and 
clinical symptoms was not specifically evaluated in the present 
study, nearly all patients had at least temporary symptoms of 
xerostomia. 

Decrease in salivary flow after therapeutic radiation has 
been shown to depend on the amount of salivary gland tissue 
included within the radiation field [19, 21]. Since gland tissue 
on the same side as the tumor may receive increased expo- 
sure relative to the opposite side, asymmetry in salivary flow 
may be demonstrated [22]. However, only one patient in our 
Study showed significant asymmetry in gland density, sug- 
gesting that current treatment planning, which includes radia- 
tion ports to both sides of the neck, usually produces a high 
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enough dosage to cause a bilateral increase in salivary gland 
density. 

Increased glandular density tended to affect both the pa- 
rotid and submandibular glands to a similar degree. However, 
six patients showed an increased density of only the parotid 
glands (three cases) or submandibular glands (three cases). 
Of interest, two of three patients who showed increased 
density involving only the submandibular glands had primary 
radiation directed to the floor of the mouth or larynx, while 
the three patients who showed increased density of only the 
parotid glands had their radiation directed to the upper oral 
cavity or nasopharynx. 

In addition to postradiation effects, increased salivary gland 
density has also been observed from tumor invasion [6-8] 
and inflammatory disease [2, 3, 5]. Occasionally, increased 
salivary gland density may occur from a very rapid rate of 
infusion of contrast material, as occurred in two patients in 
the nontreatment group in our study. 

While IV contrast material was found to contribute to in- 
creased salivary gland density, the quality of enhancement 
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Fig. 2.—Grading of submandibular 
gland density. 

A, Grade 1. Submandibular gland (S) 
density appears less than that of adja- 
cent masseter muscle (M). Poor con- 
trast enhancement contributes to low 
CT density of glands. 

B, Grade 2. Submandibular gland 
density appears equal to that of adja- 
cent muscle. 

C, Grade 3. Submandibular gland 
density appears greater than that of 
adjacent muscle but less than that of 
contrast-enhanced vessels (V). 

D, Grade 4. Submandibular gland 
density appears much greater than that 
of adjacent muscle and approaching 
that of contrast-enhanced vessels. Ne- 
crotic cervical lymph nodes (L) are on 
left. 


was nat significantly different between patients who were 
scanned before or after treatment, indicating that radiation 
remained the primary cause of increased gland density. Scans 
obtained without IV contrast material or those in which en- 
hancement was poor did not show increased gland density in 
general. consequently, the true frequency of radiation-induced 
gland cnanges may have been underestimated. 

The cause of increased salivary gland density after radiation 
is uncertain. The contribution of IV contrast material suggests 
the possibility of “leakage,” although Sholley et al. [13] did 
not demonstrate increased microvascular permeability in rat 
parotid glands after radiation therapy. Alternatively, perhaps 
reduction in the number of acini results in relative expansion 
of the extracellular space with which the contrast material 
can equilibrate. 

The results of our study suggest that chemotherapy, in and 
of itsel, does not cause increased salivary gland density on 
CT. Ne significant difference in the frequency of increased 
salivary gland density was found in patients who received 
chemotherapy alone compared with those who received nei- 
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TABLE 2: Relation Between Parotid and Submandibular Gland 
Densities on CT and Type of Treatment of Head and Neck 
Tumor 

mes cs EEE ———————————————————————_—_——— 


No. of Patients 








Gland: 

Density Grade Radiation Radiation and Chemotherapy y aithe 
Alone Chemotherapy Alone 
Parotid: 

1, Less than 

muscle 6 5 6 33 
2, Equal to mus- 

cle 6 8 12 15 
3, Slightly greater 

than muscle 4 3 0 2 
4, Much greater 

than muscle 0 5 —2 Ç o 

Total 16 21 20 50 
Submandibular: 

1, Less than 

muscle 0 0 1 2 
2, Equal tomus- 

cle 7 4 8 31 
3, Slightly greater 

than muscle 2 9 7 12 
4, Much greater 

than muscle 7 5 2 1 

Total 16 18 18 46 


Se 


TABLE 3: Patients in Each Treatment Group Showing 
Increased Density of Parotid and/or Submandibular Glands 
SE ___ 


Percentage Increase 





Radiation 
Gland(s) Increased Radiation and read ai 
Alone Chemo- Al dis 
therapy 

Parotid 25 38 10 4 
Submandibular 44 28 11 2 
Parotid and/or 

submandibutar 44 38 10 4 

58° 70° 14° 8° 


p 
a Corrected for quality of contrast enhancement. 


ther radiation nor chemotherapy. Similarly, no significant dif- 
ference in gland density was found between those patients 
who receivediradiation therapy alone and those who received 
both radiation and chemotherapy. While chemotherapy has 
been implicated as a cause of xerostomia in previously pub- 
lished studies, these studies did not exclude possible postra- 
diation effects [17, 18]. 

In summary, we conclude that therapeutic radiation for 
head and neck tumors frequently results in increased salivary 
gland density on enhanced CT scans independent of other 
factors including chemotherapy, the amount and type of 
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radiation, or the interval since completion of radiation therapy. 
Radiation-induced salivary gland changes should not be con- 
fused with tumor involvement in patients with head and neck 
tumors. Recognition of contrast-enhanced density changes 
may also help identify other postradiation effects on adjacent 
soft tissues. 
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Evaluation of ECG Gating for 
Selective Intraarterial Carotid DSA 





A study comparing ECG-gated and nongated acquisition for selective carotid digital 
subtraction arteriography was performed on 116 bifurcations in 63 patients. For ECG 
acquisition, three exposures (systole, early diastole, and late diastole) were obtained 
for each cardiac cycle. There was no significant difference in the frequency of plaque 
misregistration between gated (18%) and nongated (23%) acquisitions. In gated studies, 
the frequency of plaque misregistration was equivalent in systole, early diastole, and 
late diastole. 

Gated and nongated studies provided equivalent image quality for selective carotid 
digital subtraction angiographic studies. 


Several reports evaluating ECG gating for intraarterial digital subtraction arter- 
iographic (DSA) studies of the cervical carotid arteries have been reported [1, 2]. 
However, to date, no systematic study, with a reasonable sample size, has 
compared gated with nongated acquisitions or, for gated studies, compared systolic 
with diastolic acquisitions. 

In cervical carotid intraarterial DSA, misregistration of pulsating calcified plaque 
may result in significant artifacts simulating or masking arterial stenoses. Timing of 
exposures to a specific phase of the cardiac cycle can result in anatomic registration 
of calcified plaque on pre- and postcontrast images [2]. This study was designed 
to compare gated and nongated cervical carotid intraarterial DSA images for 
diagnostic efficacy and image quality by using a sample size adequate to provide 
Clinically meaningful data. 


Materials and Methods 


Gated and nongated angiographic sequences were available from 116 bifurcations in 63 
patients. Comparison studies of single bifurcations were not performed in 10 patients owing 
to the presence of either unilateral internal carotid occlusion or technical difficulty in performing 
selective carotid arteriography. The majority of patients were evaluated for ischemia, either 
transient ischemic attacks or prior stroke. In most patients a hemodynamically significant 
internal carotid artery stenosis had been demonstrated by prior duplex Doppler sonography. 
Other indications for study included reevaluation for suspected restenosis after carotid 
endarterectomy. 

The examinations were performed on a commercially available angiographic unit (GE DF 
5000, General Electric Medical Systems, Milwaukee) with the DSA subsystem and generator 
linked to a prototype ECG-gating apparatus. The command signal was initiated 10 msec after 
the R wave, with a maximum of 10 exposures possible in each R-R interval, dependent on 
heart rate. There was a time lag of 33-66 msec between the command signal and the 
beginning of radiographic exposure. The lag time was required for synchronization of 
radiographic exposure and video-frame readout and required at least one full video frame (33 
msec) between reception of the command signal and initiation of the radiographic exposure. 
Thus, a command signal received during the early phase of one video-frame readout required 
almost two full video-frame readouts (approximately 60 msec) before initiation of radiographic 
exposure (Fig. 1). As the ECG and video-frame readout were independent of each other, the 
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exposures triggered by the command signals varied in timing after 
the R wave by 8-32 msec. Three separate exposures, the first in 
systole, the next in early diastole, and the third in late diastole, were 
obtained for each cardiac cycle. The relationship between the ECG 
and individual exposure over sequential cardiac cycles is outlined in 
Figure 2. 

For selective cervical carotid arteriograms, contrast material was 
injected twice to provide two different views of each vessel. In each 
patient a lateral projection was supplemented by an oblique projec- 
tion, usually right anterior oblique for right carotid arteriography and 
left anterior oblique for left carotid arteriography. All studies were 
performed by using an air-gap magnification technique without grid, 
0.3-mm focal spot, 90-cm source to intensifier distance, and 1 mR 
(2.58 x 10°’ C/kg) detected radiation dose when using the 22-cm 
intensifier mode and 2 mR (5.16 x 17 C/kg) when using the 15-cm 
mode. Gated acquisition was used for only one of the projections of 
each carotid bifurcation (for example, gated lateral projection for right 
carotid bifurcation and gated oblique projection for left carotid bifur- 
cation) with the sequence alternated for the next patient. For non- 
gated acquisition, three exposures/sec were used. Typical contrast 
injections were 6 ml/sec for 8 ml of 30% diatrizoate injected via a 
mechanical volume-flow-rate injector. Injection timing was not related 
to the ECG cycle. 

The gated and nongated selective carotid arteriograms were com- 
pared for the presence or absence of misregistration of calcified 
plaque, diagnostic adequacy, and image quality. A diagnostically 
adequate intraarterial DSA study showed sharp vessel margins allow- 
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Fig. 1.—Relationship between ECG, command signal, video-frame read- 
out, and radiographic exposure. Time variation between command signal 
and radiographic exposure depended on timing of R wave in relation to 
video-frame readout. 
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ing an unequivocal diagnosis of normal diameter, focal stenosis, 
marginal irregularity, or aneurysm. 

Factors important in the subjective determination of image quality 
were perceived arterial contrast, sharpness of vessel margins, and 
presence or absence of artifacts overlaying opacified vessels. For 
each patient and each vessel, the image quality of gated and non- 
gated studies were compared to determine if they were equivalent or 
if one method was superior to the other. Gated systolic images were 
compared with gated early diastolic and gated late diastolic images 
for the same parameters. All the examinations were evaluated retro- 
spectively for all parameters by three of the authors. The sequence 
of ipsilateral gated lateral projection and contralateral gated oblique 
projection was prospectively alternated and the patient series was 
consecutive. 


Results 


Plaque misregistration involving all exposures in one angio- 
graphic sequence occurred in 21 gated (18%) and 27 non- 
gated (23%) acquisitions. However, in no instance was a 
study deemed to be nondiagnostic owing to the presence of 
plaque misregistration (Fig. 3). Only one angiographic study 
including both gated and nongated DSA images was consid- 
ered nondiagnostic, and this resulted from gross patient 
motion. In gated studies, there was no significant difference 
in plaque misregistration during systole (22%), early diastole 
(18%), or late diastole (19%). In the subjective evaluation of 
image quality, the gated and nongated studies were consid- 
ered equivalent in 99 instances (86%), the gated superior in 
12 instances (10%), and the nongated superior in five in- 
stances (4%). Of the gated studies, late diastolic images were 
considered superior to systolic and early diastolic images in 
only 2% of studies; otherwise, there was no preference for a 
particular phase of the cardiac cycle. 


Discussion 


Cardiac gating for intraarterial DSA was easy to implement 
with our prototype system. The variable time lag of 8-32 
msec between command signal and exposure did result in 
some degree of asynchrony of exposures made during the 
same phase of consecutive cardiac cycles. This reflects the 
inability to synchronize two independent events, the cardiac 
cycle and video-frame readout. Slight asynchrony between 
pre- and postcontrast images could have been responsible 
for misregistration of pulsating calcified plaque. 


Fig. 2.—Recording of ECG (upper trace), and 
gated exposures (lower trace) occurring during 
sequential cardiac cycles. Peak of R wave is indi- 
cated by vertical arrow. Note slight variation in 
time delay between R wave and first exposure 
initiated during each cardiac cycle. This reflects 
inability to synchronize ECG and video-frame 
readout. images 6 (systole), 7 (early diastole), and 
8 (late diastole) were acquired before arrival of 
contrast medium. There is minimal asynchrony 
with corresponding postcontrast images (9, 10, 
and 11). 
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Fig. 3.—Calcified, ulcerated plaque with high-grade stenosis involving origin of left internal carotid artery. 
A, Early phase of nongated selective carotid digital subtraction angiogram. Calcified plaque in wall of proximal internal carotid artery (arrow). 
B, Later phase of same injection. High-grade orifice stenosis and small-caliber distal internal carotid artery are clearly portrayed even though there is 


persistent plaque misregistration (arrow). 


C, Oblique gated selective carotid digital subtraction angiogram in late diastole. Although there is no plaque misregistration, there is no diagnostic 


advantage over nongated study (B). 


The selective contrast injections delivered by mechanical 
volume-flow-rate injector were not specifically timed to any 
particular phase of the cardiac cycle. The duration of injection 
was 1-1.5 sec. It is possible that the fluid wave induced by 
the bolus injection of contrast material could have resulted in 
arterial wall motion asynchronous with the cardiac cycle. The 
beginning of the bolus injection, over the course of the 116 
bifurcations evaluated, should have occurred relatively equally 
in systole, early diastole, and late diastole. Possibly, if the 
bolus injections had been timed to the systolic phase of the 
cardiac cycle, the overall frequency of plaque misregistration 
during gated acquisition, particularly during late diastole, 
might have been lower than the 20% actually recorded. 
However, when plaque misregistration occurred, either during 
gated or nongated acquisition, there was no significant effect 
on diagnostic accuracy. 

In our study, gated selective carotid intraarterial DSA stud- 
ies were judged slightly but not significantly superior to non- 


gated studies in terms of plaque registration and image qual- 
ity. Contrary to expectations, plaque misregistration occurred 
during gated acquisition, and, furthermore, plaque misregis- 
tration during gated acquisition occurred as often in late 
diastole as in systole. 

Our study indicates that cardiac gating is not essential for 
high-quality selective carotid DSA examinations. Contrary to 
previous publications, cardiac gating did not significantly 
lessen the frequency of plaque misregistration. Both gated 
and nongated studies provided equivalent image quality in 
most examinations. 
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American Roentgen Ray Society 88th Annual Meeting 
May 8-13, 1988, San Francisco, CA 


San Francisco Hilton Hotel 


Registration and Hotel Reservations 


Forms for advance registration and hotel reservations will be in the 
February and March 1988 issues of the AJR. 


Refresher Course Program 


A summary of the refresher courses will appear in the AJR in 
February along with advance registration forms. Early registration is 
an advantage in assuring preferred courses in this popular program. 
J. T. Ferrucci, Jr., is program director. 


Local Program 


A program of sight-seeing, shopping, and entertainment is being 
developed by George Janetos, the Local Arrangements Chairman. 
Tentative plans call for day and night tours of San Francisco, dinner 
in Sausalito, privately guided tours through Gump's Jade Room and 
the wholesale interior design showrooms at Showplace Square, visits 
to the Rodin Sculpture Garden at the Stanford Art Museum, and a 
performance of Beach Blanket Babylon, the longest-running show in 
the history of theater in San Francisco. More information and advance 
registration forms will be in the February issue of the AJR. The 
program will be run by Tours West, 43 Geldert Ct., Tiburon, CA 
94920; (415) 435-5060. 


Residents’ Award Papers 


The society offers several cash awards for the best scientific 
papers prepared by residents in radiology. The President's Award 
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University of South Alabama Medical Center 

2451 Fillingim St. 

Mobile, AL. 36617 
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(San Diego, CA). The SPR 1989 annual meeting will be April 5-9, 
1989, at The Four Seasons Hotel, San Antonio, TX. For details, 
contact Donaid R. Kirks, M.D., Secretary, Society for Pediatric Ra- 
diology, c/o Dept. of Radiology, Childrens Hospital Medical Center, 
Elland and Bethesda Aves., Cincinnati, OH 45229-2899, (513) 559- 
8058. 
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Evaluation of ECG Gating 

and Hybrid Subtraction for 
Intraarterial Digital Subtraction 
Thoracic Aortography 





A comparative study was made of ECG-gated and nongated intraarterial digital 
subtraction angiography of the thoracic aorta by using conventional temporal subtraction 
and combined temporal/energy (hybrid) subtraction. ECG-gated studies were acquired 
at three frames per cardiac cycle. In 85% of patients, gated conventional subtraction 
resulted in studies of superior image quality in comparison with those obtained with 
hybrid techniques, both gated and nongated. In the 15% in whom hybrid subtraction 
studies were judged superior, the hybrid images were almost exclusively integrated by 
video frame averaging and thus were nongated. In a separate subset of patients who 
had conventional nongated studies, there was no difference in the percentage of 
diagnostic studies (93%) and nondiagnostic studies (7%) when compared with conven- 
tional gated temporal subtraction. 

Cardiac gating appears to be superior to hybrid subtraction for studies of the thoracic 
aorta that use intraarterial digital subtraction angiography, but neither technique offered 
any significant advantage over conventional nongated acquisition. 


The potential value of ECG gating in improving the image quality of intraarterial 
digital subtraction angiography (IA DSA) of the thoracic aorta has been reported in 
a small series of patients [1]. IA DSA of the thoracic aorta may be degraded by 
misregistration of the pulsating (often calcium-containing) aortic outline, which is 
silhouetted against background lung that contains air. ECG gating, by obtaining 
precontrast and postcontrast images during the same phase of the cardiac cycle, 
may prevent vascular misregistration in subtraction imaging. Another mechanism 
for reducing soft-tissue motion artifacts is to remove residual soft-tissue signals 
from digital subtraction angiographic images, a process described as combined 
temporal/energy (hybrid) subtraction [2-7]. 

This study was designed to compare gated and nongated IA DSA of the thoracic 
aorta for diagnostic efficacy and image quality. Hybrid acquisition was used in both 
the gated and nongated modes to assess the value of tissue cancellation in 
correcting vascular misregistration artifacts. 


Materials and Methods 


Seventy-one patients had IA DSA thoracic aortograms by using ECG gating with dual- 
energy exposures providing both temporal subtraction and combined temporal/energy (hybrid) 
subtraction images. An additional 69 patients had conventional IA DSA thoracic aortograms 
without ECG gating, 42 before the gating protocol began and 27 after it began. Most studies 
were performed before selective carotid arteriography in patients with a clinical history of 
transient ischemic attack or stroke. Other studies were performed as part of an evaluation 
for vascular trauma, thoracoabdominal aneurysm, or upper extremity vascular disease. There 
was a fairly close match between the patients in whom gating was used (average age, 55 
years; 40 patients over the age of 60 years) and those in whom gating was not used (average 
age, 57 years; 35 patients over the age of 60 years). 
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The examinations were performed on a commercially available 
angiographic unit (GE DF 5000, General Electric Medical Systems, 
Milwaukee, WI) with the DSA subsystem and generator linked to a 
prototype ECG-gating apparatus. The system employs a 512 x 512 
matrix and a video system with a measured signal-to-noise ratio of 
1000:1. For ECG-gated studies, the command signal for radiographic 
exposure was initiated at a present time after the R wave with a 
maximum of 10 exposures possible in each R-R interval, depending 
on heart rate. There was a lag of 33-66 msec between the command 
Signal and the beginning of radiographic exposure. The lag time was 
required to synchronize radiographic exposure and video frame read- 
out and required at least one full video frame (33 msec) between 
reception of the command signal and initiation of the radiographic 
exposure. A command signal received during the early phase of one 
video frame readout would thus require almost two full readouts 
(approximately 60 msec) before initiation of radiographic exposure 
(Fig. 1). 

Ali the IA DSA studies of the thoracic aorta, both gated and 
nongated, were performed in the left anterior oblique projection using 
the 22-cm mode of the image intensifier with a grid at a source-to- 
intensifier distance of 90 cm. Detected radiation at the face of the 
image intensifier for each exposure was 2 mR (5.16 x 107 C/kg). 
Combined temporal/energy (hybrid) acquisition was used for the 
gated thoracic aortograms. Typical beam energies for dual energy 
acquisition were 80/130 kVp. Exposure times averaged 35 msec for 
conventional temporal subtraction and 100 msec for dual energy 
images. Standard contrast medium dosage was 40 ml of 30% diatri- 
zoate injected over 2 sec through a 5-French pigtail catheter. The 
command or trigger signal was set at 10 msec after the R wave, with 
exposure beginning from 44 to 76 msec after the R wave (average, 
60 msec). Three separate exposures were obtained for each cardiac 
cycle, the first in systole, the next in early diastole, and the third in 
late diastole with equal spacing between exposures (Fig. 2). 

In the gated studies, single-frame gated temporal subtraction 
Studies acquired in systole, early diastole, and late diastole could be 
compared with each other and with the tissue-canceled hybrid sub- 
traction images obtained simultaneously. In addition, image integra- 
tion of the hybrid subtraction images was also performed to assess 
the value of nongated tissue-canceled images vs gated images in the 
removal of motion artifacts. Thus, all comparisons could be made 
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Fig. 1.-~Schematic shows relationship between ECG, command or trig- 
ger signal, video frame readout, and radiographic exposure. Note that one 
complete video frame is required for synchronization of exposure and 
subsequent video frame readout. Time variation between command signal 
and radiographic exposure depends on timing of R wave in relation to 
video frame readout. 
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with only one injection of contrast medium (Fig. 3). The three acqui- 
sition modes were compared for diagnostic adequacy and image 
quality. In addition, conventional nongated temporal subtraction stud- 
ies performed in the 69 additional patients, as already described, 
were also evaluated for the same parameters. A diagnostically ade- 
quate IA DSA study showed sharp vessel margins allowing an 
unequivocal diagnosis of normal diameter, focal stenosis, marginal 
irregularity, or aneurysm. Factors important in the subjective deter- 
mination of image quality were perceived arterial contrast, sharpness 
of vessel margins, and the presence of artifacts overlaying opacified 
vessels. Ail the examinations were evaluated for all parameters by 
three of the authors. 


Results 


Of the 71 gated IA DSA thoracic aortograms reviewed, two 
Studies were nondiagnostic with all techniques (gated tem- 
poral subtraction, gated hybrid subtraction, and integrated 
hybrid subtraction) owing to gross motion artifacts. When 
each technique was evaluated separately, two additional 
gated temporal studies, four additional gated hybrid subtrac- 
tion studies, and four additional integrated hybrid subtraction 
studies were nondiagnostic. The two temporal subtraction 
Studies that were nondiagnostic had misregistration artifacts 
from pulsatile pulmonary vessels overlaying the aortic arch 
and the origins of brachiocephalic vessels. This vascular 
misregistration was due to respiratory motion during image 
acquisition. in these two patients, the hybrid subtraction 
studies, both single-frame and integrated, were diagnostic 
(Fig. 4). The nondiagnostic single-frame hybrid subtraction 
Studies had excessive noise in the images (Fig. 5). The 
integrated hybrid subtraction studies that were nondiagnostic 
had excessive blurring of vessel outlines in each of the 
temporally averaged images (Fig. 5). In the subjective evalu- 
ation of image quality, gated temporal subtraction studies 
were equal or superior to the other techniques in 59 (85%) of 
69 instances. In 10 (15%) of 69 cases, hybrid acquisition was 
considered superior; most of these were nongated integrated 
studies. 

Of the 69 nongated intraarterial digital subtraction thoracic 
aortograms that were reviewed, five studies were considered 
nondiagnostic. Two were technically inadequate studies re- 
lated to poor catheter position and inadequate contrast injec- 
tion, and in three the aortic arch was obscured because of 
vascular misregistration of pulsating pulmonary vessels over- 
laying the aortic arch. 


Discussion 


In this study, we were able to evaluate and compare gated 
temporal, gated hybrid, and integrated hybrid subtraction in 
each patient with one contrast injection and to compare these 
results with another series of conventional nongated temporal 
subtraction DSA studies. Gated temporal subtraction was 
superior to hybrid acquisition, either gated or nongated, both 
in terms of diagnostic adequacy and subjective image quality. 
The gated temporal subtraction mode preserves signal-to- 
noise ratio while allowing for registration of pulsating vessel 
margin such as the aortic arch, brachiocephalic vessels, and 
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Fig. 2.—Schematic shows three equally 
spaced dual-energy exposures occurring in se- 
quential cardiac cycles. Peaks of R wave are 
indicated by vertical arrows on exposure tracing. 
Note slightly variable time interval between R 
wave and first or systolic exposure. This reflects 
the inability to synchronize two independent 
events, the cardiac cycle and video frame read- 
out. 
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Fig. 3.—Comparison of gated single-frame temporal subtraction (A), gated single-frame hybrid subtraction (B), and integrated hybrid subtraction (C) 


studies. 


Gated temporal subtraction study is characterized by good arterial contrast, relatively sharp vessel margins, and lack of background artifacts. Single- 
frame hybrid image, although diagnostic, is degraded by significant image noise. Integrated hybrid image, which is also diagnostic, is degraded by blurring 


of vessel margins. 


background pulmonary vessels. Gated temporal subtraction 
was superior to the alternative method of reducing motion 
artifacts, that is, hybrid subtraction with tissue cancellation. 
The loss of image signal-to-noise ratio inherent in the hybrid 
subtraction process affects vessel contrast and sharpness 
(Figs. 4 and 5). The use of image integration (averaging of 
sequential video frames) in conjunction with hybrid subtrac- 
tion improves image signal-to-noise ratio to an acceptable 
level, but there is some loss of vessel-wall definition and 
persistent misregistration of pulsating calcified plaque. Thus, 
hybrid subtraction was less effective than gated acquisition 
in producing high-quality IA DSA images of the aortic arch. 
Gated and nongated studies were not compared in the 
„same patient since this would have required an additional 


large bolus injection of contrast material for each patient. We 
used the alternative method of comparing results in two 
comparable groups of patients and found no significant dif- 
ference in the frequency of nondiagnostic studies in gated 
temporal subtraction (4/71) and nongated temporal subtrac- 
tion (5/69). Thus, although cardiac gating for intraarterial DSA 
was easy to implement using our prototype system, there 
was no significant difference in the frequency of nondiagnostic 
Studies between comparable groups of patients having either 
gated or nongated conventional DSA studies. 

Cardiac gating is preferable to hybrid subtraction for intra- 
arterial thoracic DSA studies. However, if respiratory motion 
occurs during gated acquisition, misregistration of pulsating 
pulmonary vessels will occur, resulting in artifacts overlaying 
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Fig. 4.—Nondiagnostic study using gated sin- 
gle-frame temporal subtraction (A) and diagnos- 
tic study using gated single-frame hybrid 
subtraction (B). Respiratory motion resulted in 
background soft-tissue motion artifacts and mis- 
registration of pulmonary vessels on gated tem- 
poral subtraction study. Tissue cancellation 
achieved by hybrid subtraction resulted in a di- 
agnostic study (B). Note that there is still ade- 
quate signal-to-noise ratio in the hybrid image, 
reflecting a relatively high intraarterial iodine 
concentration. 


Fig. 5.—Diagnostic gated single-frame temporal subtraction (A), nondiagnostic gated single-frame hybrid subtraction (B), and nondiagnostic integrated 
hybrid subtraction (C). 

Contrast in brachiocephalic vessels at root of neck is almost totally lost on single-frame hybrid subtraction study (B), for which timing was identical to 
that in A. Improved signal-to-noise ratio is present in integrated hybrid image (C), although vessel margins are obscured by motion blurring caused by 
video frame averaging. Eight postcontrast video frames, taken both before and after the single video frame used for B, were used for integrated hybrid 
subtraction. 
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Case Report 


Puerperal Ovarian Vein Thrombosis: MR Diagnosis 


Marshall C. Mintz,’ David W. Levy,’ Leon Axel,’ Herbert Y. Kressel,' Peter H. Arger,’ Beverly G. Coleman,’ and 


Michael Mennuti* 


Puerperal ovarian vein thrombosis (POVT) is a potentially 
life-threatening condition that may be difficult to confirm clin- 
ically [1]. Although sonography and CT have been used to 
diagnose POVT, both techniques have limitations [2-4]. Son- 
ographic findings may be nonspecific or nondiagnostic owing 
to an associated ileus, while CT entails the use of IV contrast 
material and is limited by its inability to image in multiple 
planes. MR studies do not have these limitations, and our 
experience with MR in three cases of confirmed POVT has 
shown that it may be used confidently to diagnose this 
condition. 


Case Reports 


MR examinations were performed 9-22 days after delivery on 
three postpartum women with a clinical course consistent with POVT. 
One patient had symptoms of fever and right lower quadrant pain 
after cesarean section for unfavorable presentation. Two patients 
had spontaneous, uncomplicated vaginal deliveries. One woman had 
postpartum symptoms of fever and right lower quadrant pain, while 
the other experienced fever and a drop in hemoglobin. All cases were 
confirmed with CT examinations within 1-15 days of the MR study. 

The first case was imaged with a GE resistive magnet system 
operating at 0.12 T. Axial images were obtained through the area of 
interest with a slice thickness of 10 mm using a 256 x 128 matrix. 
Two excitations were averaged. Spin-echo images were acquired 
with a repetition time (TR) of 143 or 286 msec and an echo time (TE) 
of 80 or 40 msec. MR scans in two other patients were performed 
with a 1.5-T GE Signa system. Slice thickness was 5 or 10 mm with 
2.5-mm or no separating intervals using a 256 x 128 matrix; two 


excitations were averaged. Short TR/TE (T1-weighted) images with 
a TR of 600 msec and a TE of 20 or 25 msec, and long TR/TE (T2- 
weighted) with a TR of 2500 msec and a TE of 20/80 or 40/80 msec 
in axial and coronal planes were included. Axial gradient-recalled 
acquisition in the steady state (GRASS) images were obtained in one 
case. Contiguous 10-mm slices with a flip angle of 30°, a TR of 22 
msec, and a TE of 12 msec were obtained. A 256 x 128 matrix with 
one excitation was used. 

Both imaging sequences in the first case, as well as T2-weighted 
images in the other cases, showed ovarian vein enlargement with 
increased central signal intensity with a peripheral isointense or 
hypointense rim (Figs. 1A and 1B). T1-weighted images generally 
showed increased signal, but some levels showed a small area of 
isointense central signal (Fig. 1C). On the GRASS images, the throm- 
bus was characterized by signal isointense to muscle within an 
enlarged ovarian vein, indicating lack of flow (Fig. 2). 


Discussion 


A diagnosis of puerperal ovarian vein thrombosis should be 
considered if a postpartum patient has lower abdominal or 
flank pain, fever, and a deep and tender mass in the lower 
abdomen or pelvis [1]. The clinical diagnosis, however, is 
often uncertain. Since MR is capable of imaging in multiple 
planes, does not require IV contrast material, and is sensitive 
to alterations in blood flow, it is of potential value in the 
diagnosis of POVT. 

All three of our cases were evaluated at least 1 week-—1 
month after the onset of symptoms, so it is not surprising 
that the predominant appearance of our positive cases was 
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Fig. 1.—MR images showing subacute right ovarian vein thrombosis. 





A, Coronal T2-weighted image (SE 2500/80) of enlarged right ovarian vein showing central high signal (closed arrows) with low-intensity rim (open 
arrows) indicative of thrombosis with peripheral fibrosis or hemosiderin-laden macrophages. B = bladder. 
B, Axial T2-weighted image (SE 2500/80) of an enlarged ovarian vein again showing central high signal (straight arrow) with a low-intensity periphery 


(curved arrow). Thrombosed collateral vessels are also seen (arrowheads). 


C, Axial T1-weighted image (SE 600/20) shows increased signal (curved arrow) with an isointense central focus (straight arrow) indicative of 
methemoglobin within a complex thrombus. Thrombosed collateral vessels are again seen (arrowheads). 





consistent with the well-described signal characteristics of 
subacute clot [5]. In particular, T2-weighted images showed 
high signal centrally, indicative of the presence of extracellular 
methemoglobin. A peripheral low-intensity rim was noted that 
may have been due to fibrosis or hemosiderin-laden macro- 
phages in this part of the evolving thrombus [5, 6]. On the 
1.5-T system, T1-weighted images showed increased signal 
intensity, again indicative of the presence of methemoglobin. 
The cause of the central isointense focus is probably related 
to the complex nature of the thrombus. This region may 
reflect a small amount of intracellular methemoglobin that was 
overwhelmed on the T2-weighted images by the high signal 
from the dilute methemoglobin solution surrounding it. 

GRASS technique was employed in one case to exploit its 
sensitivity to flow effects [7]. As expected, thrombus ap- 
peared markedly less intense relative to patent vessels. In 
postpartum women, patent ovarian veins may be either nor- 
mal in size or enlarged with signal strength comparable with 
that of the aorta and inferior vena cava (Fig. 3). 

In summary, MR is well suited for the diagnosis of POVT. 
Since GRASS images are exquisitely sensitive to flow and 


Fig. 2.—Axial gradient-recalled acquisition in 
the steady-state image (22/12 — a = 30) of 
subacute right ovarian vein thrombosis shows 
high signal from patent iliac vessels (arrow- 
heads) and lower intensity signal (arrow) due to 
thrombus within an enlarged ovarian vein. 


Fig. 3.—Axial gradient-recalled acquisition in 
the steady-state image (22/12 — a = 30) of a 
normal ovarian vein shows high signal in a 
slightly enlarged right ovarian vein (large straight 
arrow). Inferior vena cava (small straight arrow) 
and aorta (curved arrow) have similar signal 
intensity. 


are acquired in a relatively short period of time, patients with 
suspected POVT may be screened with these sequences. An 
equivocal or positive GRASS examination should be further 
evaluated with spin-echo images to better characterize the 
thrombus. 
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Case Report 





Platelet Sequestration in a Vascular Malformation of 


Klippel-Trenaunay Syndrome 


Reinhard Kloiber,! Man-Chiu Poon,” and Christine P. Molnar’ 


Klippel-Trenaunay syndrome consists of a variety of vas- 
cular malformations, elongation of the involved limb, and 
varicose veins [1]. We present an unusual case with many 
features of this syndrome, but associated with profound 
thrombocytopenia. An extensive superficial vascular malfor- 
mation involved the entire left lower limb and was the site of 
platelet trapping on '"'In-oxine platelet scintigraphy. 


Case Report 


A 13-year-old girl had chronic swelling of the left lower extremity, 
which was first noticed at approximately 8 months of age. There was 
no history of trauma, infection, or family history of lymphedema. 
Bruising, easy bleeding, and frequent epistaxis had developed over 
the previous 6 months. Examination revealed swelling of the entire 
left lower extremity and lower pelvis with bluish skin discoloration 
and increased warmth. No bruit was heard. The right leg was normal 
except for several ecchymoses. Circumferential measurements at 5 
cm above and below the patella were 55 and 49 cm, respectively, for 
the left leg and 33 and 30 cm, respectively, for the right leg. Leg 
length was difficult to measure because of the edema, but plain 
radiographs showed elongation of the long bones on the left. A spleen 
tip was palpable, but there was no hepatomegaly or peripheral 
lymphadenopathy. 

CT (Fig. 1) showed thickening of the skin and subcutaneous 
compartment with a honeycomb pattern previously described in 
primary lymphedema but not seen in other causes of leg swelling 
such as chronic venous stasis [2]. Enhancement, however, occurred 
superficially after injection of contrast material. The left external iliac 


vein was dilated relative to the right, and there were multiple ser- 
piginous vessels in the pelvis but no mass. 

A flow study of the thighs and pelvis with 740 MBq of °™Tc- 
labeled autologous RBCs revealed marked hyperemia in the area of 
swelling (Figs. 2A-2C), and equilibrium images (Figs. 2D and 2E) 
showed diffuse increased blood content in the superficial tissues. 
Dilated draining veins were seen in the thigh medially and in the 
pelvis. There was no progressive build-up of activity over 3 hr to 
suggest that a portion of the vascular malformation had sluggish flow 
and equilibration, as occurs in many cavernous hemangiomas. 

Lymphoscintigraphy (Fig. 3A) with °"Tc-antimony sulfide colloid 
(18 MBaq/leg) revealed normal lymphatic channels and nodes on the 
right but diffuse soft-tissue accumulation in the left lower extremity 
and nonvisualization of major lymphatic channels and inguinal and 
iliac lymph nodes up to 24 hr after injection. 

The patient's serum chemistries were normal. A hemogram 
showed WBC, 8900/mm?; hemoglobin, 10.8 g/dl; and platelet count, 
6000/mm*%. Prothrombin time was 12.5 sec (control, 11.4 sec); acti- 
vated partial thromboplastin time, 39.5 sec (control, 27.1 sec); fibrin- 
ogen, 170 mg/dl (normal, 150-400 mg/dl); and fibrin degradation 
products, 80-160 „g/ml (normal, less than 40 ug/ml). 

Images obtained with '''In-oxine-labeled donor platelets (Fig. 3B) 
revealed abnormal accumulation in the left lower limb. The geometric 
mean of activity derived from anterior and posterior digitized images 
revealed 88% of total activity in the left lower limb, liver, and spleen; 
34% was present in the left leg, 33% in the spleen, and 21% in the 
liver. Accumulation in the vascular malformation cannot be attributed 
to its increased blood volume since the low cardiac activity indicates 
few freely circulating platelets. The spleen was mildly enlarged (mea- 
suring 17 x 7 x 5 cmon sonography), but showed no disproportion- 
ate sequestration of the labeled platelets [3, 4]. 
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Because of evidence of disseminated intravascular coagulation, 
the patient underwent a trial of anticoagulation with heparin of up to 
750 units/hr. Fibrin degradation products fell to within the normal 
range and fibrinogen rose to 240 mg/dl. Platelets, however, reached 
a high of only 18,000/mm® and fell to pretherapy levels on the 
following days. Anticoagulation was discontinued. On the assumption 
that an immune mechanism may have been operative, a trial of steroid 








Fig. 1.—Enhanced CT scan through upper 
thighs reveals marked subcutaneous thickening 
with reticular strands on left and normal subfas- 
cial compartment. Superficial area showed en- 
hancement, representing vascular malformation. 


Fig. 2.—A-C, Selected 2-sec frames from flow 
study with *"Tc RBCs show hyperperfusion of 
left thigh. 

D and E, Anterior-equilibrium images of thigh 
and pelvis show increased blood pool and vari- 
cosities in upper thigh with dilated iliac vein. 


therapy was started and 60 mg of prednisone were given daily for 3 
weeks, but this proved ineffective. 


Discussion 


Klippel-Trenaunay syndrome consists of a variety of vas- 
cular malformations, elongation of the involved limb, and 
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Fig. 3.—A, Lymphoscintigram 2 hr after injection shows soft-tissue 
retention and absence of inguinal- and iliac-node filling on left with normal 
appearance on right. 

B, indium-111 oxine platelet scintigram at 48 hr shows marked accu- 
mulation throughout left lower limb despite concurrent heparin therapy. 


varicose veins [1]. The vascular malformation is the primary 
abnormality. Elongation of the limb is secondary to venous 
stasis or hyperemia. In this case dilated pelvic and iliac veins 
could be explained by imcreased flow. Contrast venography 
could not be performed, and a deep venous obstruction, 
which is frequently present and results in large dilated collat- 
erals, was not excluded. Lymphatic malformations and lymph- 
edema are frequently associated with the syndrome [1]. 
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Platelet sequestration has been shown in giant heman- 
giomas [5, 6], resulting in thrombocytopenia (Kasabach-Mer- 
ritt syndrome). The latter is believed to result from a local 
consumptive coagulopathy, which results from slow venous 
flow and stasis in the abnormal vascular channels [7]. This 
has been successfully treated with anticoagulation [8]. Al- 
though a short trial of heparin therapy did improve the fibrin 
degradation products and fibrinogen abnormalities in our 
case, the low platelet count was not corrected, suggesting 
an additional mechanism(s) for the thrombocytopenia. Indeed, 
the abnormal accumulation of '''In-oxine platelets in the left 
lower limb occurred while the patient was receiving heparin. 
Moreover, the °°"Tc-RBC flow study showed hyperperfusion. 
There was no progressive build-up of blood pool activity over 
a 3-hr period to suggest a component of the malformation 
with sluggish flow and slow equilibration, as is frequently seen 
in cavernous hemangiomas in other sites. 

Kinetic studies with autologous '''In-oxine-labeled platelets 
in normal patients have shown initial uptake of 26-35% in the 
spleen and 12-16% in the liver with progressive rise to 
maximum of 39% at 9 days [3, 4]. The uptake of '''In-oxine 
donor platelets in our patient’s liver and spleen fell within 
these values. However, there is normally very little peripheral 
utilization of platelets in the tissues, and the accumulation in 
our patient’s left leg was clearly abnormal. How the platelets 
become sequestered independent of the consumptive coag- 
ulopathy in the hyperperfused vascular channels is currently 
unknown. A biopsy was not possible in our patient because 
of the profound thrombocytopenia. Failure of heparin and 
steroid therapies also suggested that the thrombocytopenia 
could not be reversed without removal of the vascular mal- 
formation. 
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Technical Note 


Treatment of False Aneurysm by Using a Detachable 


Balloon 


Rajinder P. Sharma,’ P. C. Shetty,’ Thomas H. Burke,’ Alexander D. Shepard,* and Fareed Khaja® 


latrogenic false aneurysms of the femoral artery or its 
branches are usually repaired surgically. However, percuta- 
neous balloon occlusion offers an attractive alternative [1]. 
The successful application of this technique is reported in a 
case of false aneurysm of the lateral femoral circumflex artery 
after percutaneous transfemoral aortic valvuloplasty [2]. 


Case Report 


A 62-year-old woman with aortic valvular stenosis underwent 
percutaneous transfemoral balloon valvuloplasty. Immediately after 
the procedure she developed a pulsatile, tender mass in the left groin. 
Five days after the procedure, intraarterial digital subtraction angiog- 
raphy of the left groin was performed via a right femoral approach. 
The left common femoral artery, superficial femoral artery, and main 
trunk of the deep femoral artery were normal, but there was a large 
false aneurysm arising from the lateral femoral circumflex artery (Fig. 
1A). Because of the ideal location of the aneurysm in an end artery 
and the patient’s high surgical risk, transcatheter embolization was 
deemed preferable to surgery. 

A 4.5- to 6.3-French self-sealing vascular sheath (Cook, Blooming- 
ton, IN) was placed in the right common femoral artery. Injections 
were made into the left common femoral artery through a 5.5-French 
Cobra || catheter (Cook). The Cobra catheter was then exchanged 
for 5-French, 45°-angle catheter (Cook), and selective catheterization 
of the lateral femoral circumflex was performed. The following were 
introduced into the neck of the aneurysm in this order: one 8-mm, 5- 
cm Gianturco steel coil (Cook), then three 1-cm Gelfoam plug torpe- 
dos, and then approximately 3-cm* of 60-um Gelfoam powder (Up- 
john, Kalamazoo, Ml). Test injection showed no change in the aneu- 


rysm. Neither the coil nor the Gelfoam formed a compact mass in the 
neck of the aneurysm, and the coil did not elongate or extend into 
the lesion. 

Embolization was then performed with a 1-mm B-P mini detachable 
balloon [3] (Bard-Parker, Becton Dickinson, Lincoln Park, NJ). After 
we exchanged the 5-French catheter with the 4.9-French polyethyl- 
ene introduction catheter, the balloon was positioned in the neck of 
the aneurysm [4]. An isotonic solution of iohexol-180 (Winthrop- 
Breon Laboratories, New York, NY) and 0.9% normal saline was 
injected into the balloon. A test injection showed total occlusion of 
the aneurysm. The balloon was then detached, and a repeat angio- 
gram showed occlusion of the false aneurysm (Fig. 1B). The coil did 
not present any interference with the delivery of the balloon. The 
patient was started on IV antibiotics after the procedure. Swelling 
and tenderness in the left groin completely disappeared in 1 week. 
The patient developed transient deterioration in renal function, pos- 
sibly due to contrast material or antibiotics, but renal function returned 
to the preangiogram status after 1 week. 


Discussion 


In selected patients, percutaneous occlusion of false aneu- 
rysms can be performed as an alternative to surgical repair. 
The procedure can be done at the same time as the diagnostic 
angiogram and with less risk to the patient. Identification of 
the neck of the aneurysm and precise delivery of the balloon 
are important to the success of the procedure. With a high- 
flow aneurysm as in this patient, steel coils and Gelfoam plugs 
are not suitable embolic materials. In this situation detachable 
balloons seem to offer a greater chance of success. Surgical 





Received May 29, 1987; accepted after revision July 29, 1987. 


1 Department of Diagnostic Radiology, Division of Vascular and Interventional Radiology, Henry Ford Hospital, 2799 W. Grand Blvd., Detroit, MI 48202. Address 


reprint requests to R. P. Sharma. 


2 Department of Surgery, Division of Vascular Surgery, Henry Ford Hospital, Detroit, MI 48202. 
3 Department of Medicine, Division of Cardiovascular Medicine, Henry Ford Hospital, Detroit, MI 48202. 


AJR 149:1279-1280, December 1987 0361-803X/87/1496-1279 © American Roentgen Ray Society 


1280 SHARMA ET AL. AJR:149, December 1987 





back-up should be available in case of premature detachment 
of the balloon or inadvertent occlusion of an incorrect vessel. 
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A Coherent Biochemical Basis for 
Increased Reactivity to Contrast 
Material in Allergic Patients: 

A Novel Concept 





Bradykinin, the end product of activation of the plasma contact system, may play a 
significant role in reactions to contrast material and in other forms of anaphylactoid and 
anaphylactic responses to drugs or antigens. Activation of factor XII initiates activity in 
the plasma contact system, and we have identified factors (negatively charged surfaces) 
present in elevated concentrations in the plasma of patients who are asthmatic or 
allergic that can “prime” their plasma for the initiation and/or potentiation of factor XII 
activation. In other studies, we have shown that persons who react to contrast material 
and persons who are asthmatic or allergic share both a potential for accelerated contact 
system activity and evidence of an increased mean concentration of low-level contact 
system products. Recently, we have found that contrast media can inhibit angiotensin- 
converting enzyme, the substance that hydrolyzes bradykinin and limits its systemic 
effects. Thus, a number of factors suggest that it is the potential for increased production 
of bradykinin in persons who are allergic or asthmatic that may account for the greatly 
increased susceptibility of these patients to contrast material. This susceptibility may 
be critically triggered by the contrast media-induced inhibition of angiotensin-converting 
enzyme. 

In view of these findings, the possibility exists that most, if not all, significant reactions 
to contrast material require an underlying allergic diathesis that may, or may not, be 
apparent by history and conventional diagnostic testing. 


Little evidence indicates directly that any substantial percentage of reactions to 
contrast material has a true allergic basis [1-6], but much evidence indicates that 
an allergic diathesis increases the likelihood of a reaction to contrast material by at 
least two to three times [7, 8]. In this report, an attempt is made to reconcile these 
factors by presenting biochemical evidence that suggests that persons who have 
an allergic diathesis may be uniquely primed to react adversely to IV contrast media 
and that reactions to contrast material and some other anaphylactoid and anaphy- 
lactic reactions may share a final, common biochemical pathway. Although knowl- 
edge of precise pathogenic factors associated with reactions to contrast material 
and with other anaphylactoid reactions (and anaphylaxis in general) is still evolving, 
this presentation is intended to bring a coherent focus to the observed relationship 
between reactions to contrast media and allergy and asthma. 


Background 


Evidence that the frequency of reactions to contrast material is higher in persons 
who have a history of allergy has been forthcoming over a period of years [7, 8]. 
Because no suitable animal model to examine the basis for this relationship is 
available, the accumulated evidence has depended entirely on clinical studies. 

If it were clearly established that reactions to contrast material were allergic (i.e., 
involved an antibody-antigen or antibody-hapten reaction), it would be equally clear 
that persons with a history of allergy should be more prone to a reaction to contrast 
material. Persons who have positive skin tests and/or elevated levels of specific 
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immunoglobulin E (IgE) are more likely to be hypersensitive 
to a number of allergens rather than to a single allergen [9]. 
The bulk of evidence, however, argues against an allergic 
basis. Both ionic and nonionic contrast media are nonreactive 
chemically, and they would not be likely candidates for for- 
mation of haptens. The composition of intravascular contrast 
media used for urography or for vascular visualization is such 
that, unless combined with a protein, no antigenic potential 
would be present. IgE antibodies capable of interacting with 
unbound contrast molecules in patients who have reactions 
to contrast material have been shown in vivo in only a single 
instance. In that case, the patient was given an injection of a 
cholangiographic material that might function as a divalent 
hapten [10]. Thus far, no one has been able to show anti- 
bodies of any class that have been produced in animals or 
humans by injections of urographic contrast material alone 
ak 

The concept that the covalent binding of a simple drug with 
proteins of the host is mandatory for the induction of an 
immunologic response rests on strong experimental evidence 
[11]. Furthermore, hapten-specific immediate-type allergic re- 
actions due to serum antibodies have been shown in experi- 
mental animals only when the injected antigen possessed 
several antigenic determinants on the same molecule (i.e., 
was multivalent) [11]. If it is assumed that contrast medium 
might cross-react with antibodies induced by environmental 
antigens, all except dimeric media would lack the necessary 
structural features to bridge adjacent IgE molecules. It is this 
bridging that must occur to produce the mechanical pertur- 
bations in the membrane that precede release of granules in 
mast cells and other specialized cells. 

At the moment, a previous reaction to contrast material is 
the only historical factor that correlates more closely than an 
allergic diathesis with the likelihood of an adverse reaction to 
subsequent IV injections of contrast material [7, 12]. In this 
context, reactions to contrast material may represent a better 
validation of an underlying allergic diathesis than does the 
patient’s offered history of “allergy.” In a recent study, 49% 
of patients who said that they had had a previous reaction to 
contrast media also said that they had another “allergy” of 
some kind [12]. The cited frequency of allergy in the general 
population ranges from 17% to 40% [9, 13-15]. 


Do Anaphylactoid Reactions to Contrast Material and 
Other Anaphylactic Reactions Follow Similar Biochemical 
Pathways? 


Bradykinin as a Mediator of Anaphylaxis 


Considerable evidence suggests that reactions to contrast 
material and various forms of allergic and nonallergic anaphy- 
laxis may follow a common final pathway and that the pres- 
ence of an allergic diathesis primes a patient for an adverse 
reaction to IV contrast material. 

The concept that an allergic diathesis primes a patient for 
a reaction to contrast material rests on the fundamental 
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assumption that bradykinin may represent a significant me- 
diator both for reactions to contrast material and for other 
forms of anaphylactoid or anaphylactic reactions (see Fig. 1). 
Although still incomplete, the evidence is accumulating that 
bradykinin plays a major role. The following can be cited: (1) 
Histamine long has been considered a major mediator in 
anaphylaxis induced by contrast material [16-23]. Bradykinin, 
a nine-membered peptide resulting from the kallikrein-modu- 
lated cleavage of high-molecular-weight kininogen (HMWKk), 
has the pathophysiologic properties of histamine but is con- 
siderably more potent on a mole per mole basis [24, 25]. (2) 
Plasma bradykinin levels are elevated after injection of con- 
trast material [26] and in patients experiencing acute asth- 
matic episodes (27, 28]. (3) Contact system activation, a 
necessary precursor to the formation of bradykinin, has been 
documented in patients exhibiting antigen-lgE-induced rhini- 
tis [29]. (4) Inhalation of bradykinin produces a potent bron- 
choconstriction in laboratory animals [30] and in persons who 
have asthma but not in normal subjects [31-33]. (5) Brady- 
kinin is a potent relaxant of vascular smooth muscle [34]. 

Production of bradykinin in plasma involves a sequence of 
proteolytic events. It begins with the activation of factor XII 
(Hageman factor), which induces cleavage of prekallikrein to 
produce kallikrein and eventually results in the kallikrein- 
modulated cleavage of HMWK to produce bradykinin. In the 
process, kallikrein and activated factor XII (XIla) potentiate 
the contact sequence by reciprocal proteolytic activation, and 
HMWK, which circulates in plasma bound to prekallikrein and 
to factor XI, acts as a cofactor in the activation of factor XII 
[35]. To a lesser extent than kallikrein, factor XI also may 
participate in reciprocal proteolytic activation. 

The production of bradykinin can have physiologic signifi- 
cance in several ways. The potential of bradykinin to alter 
vascular permeability may result in edema in the skin (angioe- 
dema), in the pulmonary circuit, or in other areas of the body. 
Bradykinin-induced permeability, alone or in conjunction with 
other mediators, would permit the egress of both formed 
bradykinin and substrate proteins of the contact system into 
extravascular spaces [29]. This, in turn, permits the produc- 
tion of additional bradykinin (if contact activators are included 
in the exiting proteins and/or are present in extracellular 
spaces). Therefore, contact activation originating within the 
circulation may place bradykinin, with its potential to directly 
produce the cardinal signs of anaphylaxis (hypotension, 
edema, bronchospasm), in direct approximation to the appro- 
priate target tissues. 

The concept of the physiologic significance of bradykinin in 
anaphylaxis need not be confined to the direct effects of this 
mediator, for bradykinin also can activate the phospholipase 
that is responsible for the conversion of cell-membrane lecithin 
to arachidonic acid [36]. Arachidonic acid then can fuel the 
cyclooxygenase and lipoxygenase pathways, leading, respec- 
tively, to the production of vasoactive or bronchoactive pros- 
taglandins and to the production of anaphylactic leukotrienes 
[36]. Thus, bradykinin, the end product of contact system 
activation, can induce both directly and indirectly the physio- 
logic alterations that characterize anaphylaxis. A schematic 
portrayalof the generation of bradykinin in contrast reactions 
and/or in hypersensitivity reactions is shown in Figure 1. 
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Fig. 1.—Schematic representation of bradykinin production in reactions 
to contrast media (see text). Bradykinin production engendered by direct 
effects of contrast material will be bolstered by bradykinin resulting from 
allergic (antigen-antibody) reactions (IgE-Ag in diagram). IgE = immuno- 
globulin E; Ag = antigen; XII = clotting factor XII; XII, = activated factor 


XII; HMWK = high-molecular-weight kininogen; a2 M-KK = a2 macroglobu- 
lin-kallikrein complex. 
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Evidence for a Shared Abnormality of Contact Activation in 
Reactions to Contrast Material and Other Forms of 
Anaphylaxis 


lf the premise that bradykinin is an important mediator of 
anaphylaxis is accepted, then any circumstance that in- 
creases the likely occurrence or intensity of contact activation 
or prolongs the duration of activity of bradykinin would be 
expected to increase the likelihood of a significant anaphylac- 
toid episode. Evidence shows the following: (1) Induction of 
contact activation by an extrinsic contact activator acceler- 
ates the mean in vitro transformation of prekallikrein to kalli- 
krein in the plasma of persons who react to contrast material 
and certain patients who have asthma, relative to controls 
[37, 38]. Theoretically in vivo activation would act similarly. 
(2) Ongoing contact activation in plasma is present, on the 
average, in persons who react to contrast material and in 
patients who have asthma or anaphylaxis of immunologic or 
nonimmunologic origin, and this ongoing activation results in 
the complexing of plasma kallikrein with the inhibitor, œz- 
macroglobulin (a2M). This complex (a2M-KK) can potentiate 
contact activation [39]. (3) Some persons who react to con- 
trast material and some patients who show evidence of other 
anaphylactoid or anaphylactic reactions have an increased 
plasma concentration of negatively charged soluble surfaces 
that are capable of inducing contact activation [Lasser EC, 
unpublished data]. 

In 1978, Kluft [40] showed that the incubation of patients’ 
plasma with a negatively charged soluble surface (dextran 
sulfate) at 0°C would transform plasma prekallikrein to kalli- 
krein. We modified Kluft’s method by decreasing the concen- 
tration of dextran sulfate approximately 10-fold, which al- 
lowed us to determine the rate at which prekallikrein was 
transformed [37]. With this method, we found significant 
increments in the rate of induced contact activation, when 
compared with normal subjects, both in persons who react 
to contrast material and in persons who have asthma [38] 
(Fig. 2). Others [41] reported similar findings for persons who 
react to contrast media. Plots of reaction rates of persons 
who react to contrast material and of persons who have 
asthma were similar and evidently reflected a reduction in the 


lag phase of prekallikrein transformation, indicating an accel- 
erated rate of activation of factor XII. Thus, both persons who 
react to contrast material and a heterologous group of pa- 
tients who have asthma seemed to have a substance in their 
plasma that “primed” the conversion of factor XII to XIla. 

Evidence for in vivo contact activation could consist of an 
observed reduction in substrate proteins of the contact sys- 
tem, an increase in the products of contact activation, or both. 
We chose to examine products of contact activation. Kallikrein 
combined with either of its major inhibitors, C1-esterase 
inhibitor (C1-INH) and a2M, can be quantitated, and we chose 
to measure a2M-KK. In preliminary studies, mean concentra- 
tions in plasma appeared to be elevated in persons who react 
to contrast material and in persons who have asthma when 
compared with control plasma obtained from nonreacting and 
nonallergic patients [39; Lasser EC, unpublished data]. Al- 
though these differences were not statistically significant, they 
were of interest. In a previous study [39], we had found that 
kallikrein complexed with œM retained substantial proteolytic 
activity for HMWK and that this activity potentiated the trans- 
formation of factor XII on a surface to XIla. Thus, a2M-KK, 
when present, serves as evidence of ongoing activity of the 
contact system and constitutes a priming factor for activity of 
the contact system when negatively charged surfaces are 
available. 

In earlier studies, we found an increase in the mean plasma 
concentrations of negatively charged heparinlike material for 
persons who react to contrast material [42] and for persons 
who have asthma [38, 43]. This endogenous heparinlike 
material (EHM) activated the contact system and increased 
abruptly in the plasma of some asthmatic patients after they 
inhaled an antigenic challenge and in the plasma of some 
persons who react to contrast material after they were chal- 
lenged with contrast material. 
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Fig. 2.—Exogenous activation of contact system in persons who have 
reactions to contrast material. Incubation of samples of prechallenge 
citrated plasma and an exogenous contact system activator (dextran 
sulfate, 500,000 molecular weight) at 0°C produces a transformation of 
prekallikrein to kallikrein. The concentration of kallikrein produced (vertical 
axis) at various times is accelerated in persons who have a subsequent 
reaction to contrast material and/or who have had a previous reaction to 
contrast material. 

Similar findings can be shown when prechallenge plasmas of persons 
with a history of asthma and/or allergy are used [38]. AOD = change in 
optical density. Reprinted with permission from Lasser EC, Lang JH, Lyon 
SG, Hamblin AE, Howard MM. Prekallikrein-kallikrein conversion rate as a 
predictor of contrast material catastrophies. Radiology 1981;140:11-15 
(reference [37]). 


More recently, in the plasma of some persons who react to 
contrast material and some persons who have asthma, we 
have identified elevated mean concentration of cryptic soluble- 
negative surfaces (CSS) that lack the functional properties of 
heparin but possess contact activating potential [Lasser EC, 
unpublished data]. These cryptic surfaces generally were 
obscured when blood was collected without implementation 
of special precautions to prevent platelet activation, indicating 
that the surfaces were susceptible to neutralization by prod- 
ucts released by platelets. 

When patients who had high concentrations of these sur- 
faces were given a routine course of oral corticosteroids 
(prednisone, 30 mg/day for 3 days) because they had a history 
of a reaction to contrast material or had an allergy or asthma, 
their average levels of these surfaces decreased significantly 
(Fig. 3). The origin of these surfaces is uncertain, but some 
endothelial cells have been shown to possess similar surfaces 
[44]. The decrease in the circulating concentrations of these 
surfaces after treatment with corticosteroids suggests that 
an engendering factor has been “switched off.” 


Other Factors That Might Influence Contact System Activity 
in Persons Who React to Contrast Material or Have Asthma 


Other factors also merit consideration in the present per- 
spective. The first of these is the endogenous level of angio- 
tensin-converting enzyme (ACE), also known as kininase Il, 
an enzyme located mainly on the surface of pulmonary vas- 
cular endothelium (but also occurring on endothelial surfaces 
elsewhere) that plays a major role in the rate of bradykinin 
hydrolysis. 

In two previous reports [45, 46], the average level of ACE 
in persons who have asthma was reduced in comparison with 
control groups and was lower in patients who had active 
bronchospasm than in the same patients when their broncho- 
spasms were less active. (However, in another report [47], 
ACE levels in persons who have asthma did not differ signifi- 
cantly from ACE levels in a control group and, in fact, were 
slightly higher on the average.) We now have data indicating 
that ionic contrast media, at concentrations that are probably 
attainable in the pulmonary circulation after IV injection, can 
produce substantial inhibition of ACE in vitro. For example, 
the relative activity of ACE in plasma incubated with sodium 
diatrizoate is 27% when the concentration of sodium diatri- 
zoate is 0.02 M and 53% when it is 0.01 M. It may be this 
property, in fact, that accounts for the observations that (1) 
IV injections of contrast material are associated with substan- 
tially more systemic reactions than arterial injections [8] and 
(2) all injections of ionic contrast material produce some 
degree of bronchospasm, which is accentuated in persons 
who have asthma [48]. 


Factors Modifying Clinical Expression 


From the aforementioned, it is apparent that persons who 
react to contrast material and persons who have allergies of 
various kinds have plasma characterized by the presence of 
contact activators and/or evidence of increased ongoing con- 
tact activation. Two sets of conceptually novel reactants 
(functional or nonfunctional EHM and a2M-KK) that have the 
capacity to prime the contact system have been identified in 
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Fig. 3.—Plasmas of persons who react to contrast material and/or who 
are allergic were diluted and incubated at 0°C (to reduce inhibitor effects) 
over a 6-hr period. Samples were assayed for kallikrein activity (vertical 
axis) at 1- or 2-hr intervals. Kallikrein generation depended on the presence 
of negatively charged surfaces, as it could be stopped completely by 
inclusion of a substance (polybrene) capable of neutralizing such surfaces. 
Vertical axis shows peak kallikrein values developing in these plasmas in 
the course of this incubation. 

For the nine highest presteroid samples, peak kallikrein production in 6 
hr was 440 + 93 AOD/min x 10* (mean + standard error of the mean). For 
these nine subjects, after steroid administration, peak kallikrein generation 
in 6 hr was 192 + 56 AOD/min x 10*. These values differed at p < .05. 
AOD =change in optical density. 


the plasma of these persons. This priming would be expected 
to produce a potentiated response to any new shower of 
contact activators that might be released by contrast media 
or by antigen/hapten from mast cells or from sites of immo- 
bilization along the lining cells of the circulation (Fig. 1). In the 
last case, release of contrast media could occur as a conse- 
quence of the known potential of contrast media to disrupt 
endathelium [49]. 


Conclusions 


The following conclusions can be made: (1) Evidence sug- 
gests that activation of the contact system that produces 
bradykinin could play an important role in various allergic 
disorders and in reactions to contrast material. (2) Factors 
that intensify the rate of production or destruction of brady- 
kinin may have significant modulating effects on the occur- 
rence and severity of reactions to contrast material. (3) Both 
persons who react to contrast material and patients who have 
allergies have an increase in the average circulating concen- 
tration of three plasma factors that have the capability of 
potentiating contact activation (a2M-KK, EHM, CSS). Incu- 
bation of exogenous contact activators with plasma of people 
whe react to contrast material or who are allergic produces 
an accelerated rate of contact activation that may be depend- 
ent on these factors. (4) IV contrast injections supply the 
lungs with a substance capable of inhibiting the endothelial- 
based enzyme (ACE) that would otherwise limit the duration 
of activity of released bradykinin. (5) Patients who have aller- 
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gies seem to be uniquely primed to potentiate contact acti- 
vation engendered by contrast injections. Thus, possibly 
most, if not all, reactions to contrast material may depend on 
an underlying allergy. Such allergies may or may not be 
sensitive to currently available diagnostic probes. The pro- 
tective effects of corticosteroids may be due, in part, to their 
demonstrated potential to downregulate negatively charged 
soluble surfaces that may activate the contact system. 
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Radiopharmaceuticals in Nuclear Medicine Practice. B 
CT: Appleton & Lange, 516 pp., 1987. $95 


An understanding of the production, quality control, and clinical 
use of radiopharmaceuticals is one of the essentials for workers in 
nuclear medicine. Hence, any addition to the texts on this subject 
must be viewed as potentially useful to at least some of these. This 
volume is considerably larger than others on the subject. The authors 
have pulled together material from many sources, including package 
inserts for radiopharmaceuticals that previously had not been assem- 
bled. A total of 18 chapters includes an overview, physics, radio- 
nuclide generators, chemistry, the nuclear pharmacy, quality control, 
organ systems (eight chapters), in vivo function studies, in vitro tests, 
other applications, and licensing and radiation safety. 

The preface states that the volume is intended for radiology 
residents and fellows, nuclear medicine technologists, and pharma- 
cists. No mention is made of residents in nuclear medicine, and it 
must be assumed that the book was not designed specifically for 
them. This assessment is borne out repeatedly in the text, where key 
concepts appear without derivation. For example, on page 76, the 
equation relating physical, biological, and effective half-lives appears 
without noting the underlying assumption that this follows from 
treating the first two rate constants as additive (and the assumption 
is not adequate in some circumstances). On page 341, the equation 
for residual bladder volume stands as a footnote, without Stating that 
the equation follows from the fact that the voided volume is propor- 
tional to prevoid minus postvoid counts, whereas residual volume is 
related to postvoid counts divided by the bladder counts (background 
corrected). The equation appearing on page 263 is most likely incor- 
rect, or else it requires a lengthy explanation. 

Page 2 supposedly discusses “imaging procedures,” but actually 
presents emission imaging, although that term is not used. No 
mention is made of the techniques of fluorescent or transmission 
imaging. Thus, sealed sources receive almost no attention. A table 
that begins on page 8 (Commonly Used Radiopharmaceuticals) gives 
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y Richard J. Kowalsky and J. Randolph Perry. Norwalk, 


the impression that rose bengal-I-131, selenium-75 selenomethionine, 
and ytterbium-169 DTPA are among the “common” agents. The table 
does not list In-111-oxine-labeled formed blood elements. Typical 
neutron-induced interactions are given only about one page of text 
(without a clear discussion of cross sections and competing reac- 
tions). Unfortunately, the Szilard-Chalmers reaction is not mentioned, 
and the statement near the top of page 54 is incorrect. The chapter 
on the thyroid is unclear in places, such as on page 194, where a 
discussion of air and body backgrounds is needed: the same page 
also could benefit from immediate mention of the use of |-123. A 
1952 illustration on page 192 may be of historic interest, but it fails 
to point out the role of Ta in thyroid physiology. Pertechnetate for 
thyroid imaging is touched on briefly on pages 198 and 201: the 
crucial differences between this nonorganified moiety and iodide are 
not spelled out (especially with “hot” nodules). Not all will agree with 
the statement on page 199 that I-131 is the “isotope of choice for 
RAIU.” Nor would all agree that current thinking is represented by 
the statement on page 201 that “I-123 gives the best images at 24 
hours.” (Many centers do imaging 6 hr after an oral dose, since at 
that point blood clearance has occurred but the I-123 has not under- 
gone major radiodecay.) The section on radioiodine therapy does not 
present the material in a logical manner, based on either “classical” 
or Medical Internal Radiation Dose calculations. Other examples 
abound in the text. Thus, we owe much to the authors for compiling 
SO much material under one cover. However, use of the material by 
Students will require a skilled instructor to point out the omissions, 
give derivations, and provide a perspective that is lacking. 
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Contrast Agent Nephrotoxicity: 
Comparison of lonic and Nonionic Contrast 
Agents 





The effects on glomerular and proximal tubular function of an ionic contrast agent 
(sodium meglumine diatrizoate) and a nonionic agent (iopamidol) were compared in 34 
patients with normal renal function. The patients received large doses (2.5 ml/kg body 
weight) of contrast material for IV digital subtraction angiography. Urine samples, 
collected before, immediately after, and on the first and third days after digital subtrac- 
tion angiography, were analyzed for albumin, alanil-aminopeptidase, alpha-glucosidase, 
and beta-2-microglobulin. The changes noted were mild and of short duration with both 
contrast agents, despite the high dose given. 

These results suggest that, at least as far as renal toxicity is measured by these tests 
is concerned, ionic monomers can be safely used instead of more expensive nonionic 
media in procedures, such as digital subtraction angiography, that require high doses 
of contrast material. 


The nephrotoxicity of water-soluble urographic contrast material is well recog- 
nized. Measurements of proteinuria and enzymuria may be useful for the early 
detection of renal damage [1-4]. Previous studies have demonstrated that nonionic 
contrast media are less likely to cause proteinuria and enzymuria than are ionic 
contrast media, after either arteriography or urography [5-7]. 

In this study we evaluated the effects of large doses of an ionic contrast medium, 
sodium meglumine diatrizoate (Urografin 76%, Schering AG, Berlin, W. Germany), 
and a nonionic contrast medium, iopamidol (lopamiro, Bracco Co., Milan, Italy), on 
glomerular and proximal tubular function in patients with normal renal function 
undergoing IV digital subtraction angiography (DSA) and requiring large amounts 
of contrast material. 


Subjects and Methods 


A double-blind study was conducted in two groups of 25 patients each. The patients were 
referred for IV DSA to evaluate occlusive arterial disease of the lower limbs. Exclusion criteria 
from the trial were elevated creatinine (>1.5 mg/dl), urinary tract infection, liver and kidney 
disease, recent surgery, hypertension, multiple myeloma, or the use of nephrotoxic drugs. In 
all patients morning urine analysis was normal and density was >1020. Of the original 50 
patients, 34 concluded the study (25 men and nine women 22-81 years old). The other 16 
patients, most of whom lived in other towns, were unable to participate in regular follow-ups. 

The patients were randomly assigned to one of the two groups and received either sodium 
meglumine diatrizoate (ionic) (group 1) or iopamidol (nonionic) (group 2). Group 1 included 15 
patients (11 men and four women; mean age, 56 + 14 years; range, 22-72). Group 2 included 
19 patients (14 men and five women; mean age, 64 + 10 years; range, 41-81). 

Both contrast agents were used at a concentration of 370 mgl/ml. After catheterization of 
the superior vena cava, 40 ml of contrast material were injected four to six times; each 
injection lasted 2 sec. The mean volume of contrast material was 176 + 26 ml (range, 160- 
240 ml; 2.5 ml/kg body weight) administered over a 9- to 17-min period (Table 1). Urine 
samples were collected before, immediately after, and on the first and third days after DSA. 

Urine samples were analyzed for albumin, an index of glomerular permeability; alanil- 
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aminopeptidase (AAP), a tubular brush border enzyme; alpha-gluco- 
sidase (alpha-G), a lysosomal enzyme; beta-2-microglobulin (beta-2- 
M), an index of tubular proteinuria; and creatinine. The urinary excre- 
tion of proteins and enzymes was compared with urinary creatinine. 

Urinary albumin was measured by means of simple radial immu- 
nodiffusion, AAP and alpha-G according to previously described 


TABLE 1: Details About lonic (Sodium Meglumine Diatrizoate) 
and Nonionic (lopamidol) Contrast Media Used for Digital 
Subtraction Angiography 


a 


Average (range) 
Contrast 


, Volume of Time between 
Material Napi Contrast First and Last 
J Material (ml) Injections (min) 
lonic 4.4 (4-6) 178 (160-240) 14 (9-17) 
Nonionic 4.3 (4-6) 174 (160-240) 13 (9-16) 


ee p<0.05 
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methods [8, 9], beta-2-M by an immunoenzymatic method, and 
creatinine by the Biochemia Test Combination. The Student t test for 
paired and unpaired data was used to determine statistical 
significance. 


Results 


Data obtained in group 1 show that immediately after the 
test, the urinary excretion of albumin, alpha-G, AAP, and beta- 
2-M was significantly increased (p < .02, DEU p< U1, 
and p < .01, respectively). On the first day after the test, 
urinary albumin returned to baseline values, while the excre- 
tion of alpha-G, AAP, and beta-2-M remained significantly 
increased. On the third day all data returned to baseline 
values. 

The results obtained in group 2 subjects showed a signifi- 
cant increase in the urinary excretion of albumin (p < .001), 
AAP (p < .01), and beta-2-M (p < .001) immediately after the 
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Fig. 1.—lonic (ICM) vs nonionic (NICM) contrast media. Mean (M.) ratios (+ SEM) of albuminuria (U.ALB.) (A), urinary beta-2-microglobulin (U.beta-2-M) 
(B), urinary alanil-aminopeptidase (U.AAP) (C), and urinary alpha-glucosidase (U.alfa-G) (D) to creatininuria (U.Creat.) before, immediately after, and on 


the first and third days after digital subtraction angiography. 
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test. The average urinary alpha-G excretion increased, but 
not significantly. On the first day, AAP excretion was still 
increased p < .05), urinary albumin and beta-2-M returned 
to baseline values, but alpha-G excretion was significantly 
increased p < .05). On the third day, enzymuria and protein- 
uria decreased to basal values. 

Figure 1 shows that immediately after the test, proteinuria 
and enzymuria were higher in group 1 than in group 2, with a 
significant difference for urinary albumin and alpha-G. On the 
first and third days after DSA, there was no significant differ- 
ence between the two groups. 


Discussioa 


Our data are consistent with those of previous investiga- 
tions [1-4], demonstrating that contrast material causes 
changes imlysosomes of the proximal tubules (alpha-G), brush 
border (AAP), protein reabsorption (beta-2-M), and protein 
permeability (urinary albumin). Other studies [5-7] reported 
changes aiter arteriography and urography and usually found 
less proteiauria and enzymuria after administration of nonionic 
contrast media than after administration of ionic contrast 
media. However, animal studies [5, 10] have shown no sig- 
nificant diference between metrizamide and ionic contrast 
media on albumin urinary excretion, but the toxicologic and 
nephrotox'c properties of metrizamide vs the new, low-os- 
molar contrast materials could be quite different. 

Our study groups were unusual in that DSA requires the 
injection o! large volumes of contrast material over a short 
period of time and, therefore, constitutes a theoretically 
greater potential insult to the kidney. Khoury et al. [11], 
however, did not show a significant increase in urinary excre- 
tion of N-acetyl-D-glucosaminidase, beta-2-M, or albumin 
after DSA with either an ionic monomer (sodium meglumine 
diatrizoate;, an ionic dimer (meglumine ioxaglate), or a non- 
ionic monamer (iopamidol). However, the volume of 1 ml/kg 
body weigħt used in that study was less than in our study. In 
our study we observed mild and transient alterations of urinary 
enzyme amd protein excretion with a volume of 2.5 ml/kg 
body weight. 

In the protocol used in our study, ionic contrast media 
caused urimary excretion of albumin and alpha-G significantly 
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higher than nonionic media did. Presumably this reflects the 
difference in osmolarity of the two agents. Furthermore, the 
increased glomerular permeability seen after injection of ionic 
media may be from an interaction between ionic cations and 
glycosialoprotein anions present on the glomerular membrane 
surface [2]. 

Our results suggest that, although ionic contrast media 
produce slightly higher enzymuria and proteinuria than do 
nonionic media, the former can be used safely in patients with 
normal renal function. The usefulness of nonionic contrast 
media in patients with renal failure requires further evaluation. 
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Pull-Out Method in Percutaneous Transluminal 
Angioplasty of lliofemoral Artery Stenoses 


In percutaneous transluminal angioplasty, stenoses of the iliac 
artery usually are approached by a retrograde route (i.e., puncturing 
the ipsilateral femoral artery and passing the stenosis with some kind 
of guidewire). However, in 27.3% of patients this guidewire cannot 
negotiate the stenosis [1]. Consequently, the more elaborate cross- 
over technique [2] must be used: The side opposite that involved is 
used as an entry port, and a guidewire is advanced up and over the 
aortic bifurcation and then passed through the stenosis in an ante- 
grade way. However, the balloon catheter also must cross the aortic 
bifurcation, and this procedure is sometimes unsuccessful because 
the catheter does not follow the guidewire and dislodges upwards 
into the abdominal aorta. 

We have devised a solution to this problem, which we have called 
the “pull-out method.” We proceed as follows: Having passed the 
stenosis in an antegrade way, the guidewire is pulled downwards 
and outwards through the still remaining catheter (sheath) on the 
ipsilateral side by means of a Dotter retrieval set (Cook Co., Bloom- 
ington, IN) that has been introduced through the same catheter 
(sheath). It is then easy to pass the balloon catheter over this 
exteriorized guidewire on the ipsilateral side. The drawback to the 
pull-out method is the chance of damaging tissues around the aortic 
bifurcation if excessive force is used while pulling out the guidewire. 


Fig. 1.—Transverse sonograms of 
pancreas of an AIDS patient with Burkitt 
lymphoma. 

A, Sonogram obtained at admission 
shows three focal hypoechoic lesions. 

B, Follow-up sonogram obtained 
after 7 weeks of chemotherapy shows 
complete regression of lesions. 


Letters 





We prevent this by keeping the cross over catheter in place as long 
as possible and by giving the guidewire in under fluoroscopic guid- 
ance. 


G. O. Veldhuyzen van Zanten 

P. J. de Korte 

R. Visser 

de Wever Ziekenhuis 

6401 CX Heerlen, the Netherlands 
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Pancreatic Burkitt Lymphoma in AIDS: Sonographic 
Appearance 


We report a case of an unusual distribution of an AIDS-related 
Burkitt lymphoma in a 13-year-old boy with hemophilia who had been 
receiving cryoprecipitates and factor VIII since birth. AIDS-related 
complex had been diagnosed 6 months before he was admitted to 
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the hospital because of abdominal pain, fever, and respiratory symp- 
toms. Abdominal sonography showed slight enlargement of the pan- 
creas and three hypoechoic lesions, each 1.6 cm in diameter, located 
within the pancreatic head, body, and tail, respectively (Fig. 1). Biopsy 
of a painful swelling in the right lower jaw revealed Burkitt lymphoma. 

Chemotherapy was instituted, and sonographic follow-up 6 days 
after the first treatment showed the disappearance of two of the 
pancreatic lesions and a decrease in the size of the third one. A 
repeat sonogram obtained 6 weeks later showed completed regres- 
sion of the lesions. 

Non-Hodgkin lymphomas, including Burkitt lymphoma, have been 
described in AIDS patients. Hepatosplenomegaly; renal enlargement; 
and focal hepatic, splenic, and renal lesions have been described in 
Burkitt lymphoma [1-3]; however, pancreatic involvement has not 
been noted previously. The prompt response of the pancreatic lesions 
to chemotherapy specific for Burkitt lymphoma suggests that this 
tumor was the cause of the pancreatic abnormality. 

Moshe Graif 

Ada Kessler 

Yoram Neumann 

Uri Martinowitz 

Yacov Itzchak 

Chaim Sheba Medical Center 
Tel Hashomer 52621, Israel 
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Book Reviews Become Publication Reviews 


In the past, the primary mode for recording and transmitting 
knowledge in radiology was the written word. The main method for 
informing AJA readers of the relative merits of new or revised publi- 
cations was the book review. A significant amount of information is 
now available through videotapes and computer programs. Thus, the 
book review needs to be broadened to include these new formats. 

Although distinct differences exist between books and the newer 
formats, and each format has its advantages and disadvantages, 
they are ail copyrighted material, and the reviewing process is similar. 
A book should be written clearly, a tape should depict action clearly, 
and a program should be easy to use. 

Not all books are candidates for review in AJR, nor are all video- 
tapes or all computer programs. For example, programs for image 
generation and storage, department management, scheduling, and 
department organization and maintenance are discussed more ap- 
propriately in the section entitled Computer Page. 

A thorough review of a computer program may require a bit more 
space. Most programs really represent a group of programs designed 
to work on-a common set of data, and most nontrivial programs also 
require a program manual. 

From the perspective of learning, books have the advantage of 
permanency, tapes have the advantage of showing action, and 
programs have the advantage of interaction. If one is used to mimic 
another, the result is unnecessary duplication, which should be 
avoided. 

From the perspective of a review, the fundamental questions a 
reviewer must ask are the same: Did the author have a clearly stated 
purpose? Did the publication present the information in a timely, 
organized, and understandable way? What is the overall quality of 
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the publication? Does the effort compare favorably with its competi- 

tion? It is worth the price? Wouid the publication be recommended? 
if so, to whom? 

David S. Martin 

Chesterfield, MO 63107 


Reply 


| agree with Dr. Martin that as times change, AJR must be ready 
to serve its readers in new ways. This includes publishing reviews of 
new educational services, such as videotapes and computer pro- 
grams. The Journal has already instituted a policy to include more of 
these items in its book review section. We hope more of them will be 
submitted for review. 
Robert N. Berk 
Editor-in-Chief 


Does Heating Lidocaine Decrease the Pain of 
Injection? 


Infiltration of lidocaine for local anesthesia is a common practice 
that often causes momentary pain. A letter recently published in the 
AJR [1] claimed that use of lidocaine heated to 110°F (43.3°C} would 
reduce the pain of injection. The authors based this conclusion on 
the infrequency of complaints received from an unstated number of 
patients who had been injected with heated lidocaine and on the 
experience of one author with self-injections. No controlled investi- 
gation was performed. We therefore did a double-blind study with 
volunteers in an attempt to verify these results. 

Twenty-five volunteers received injections on the dorsum of each 
hand (50 total injections). Room-temperature lidocaine was injected 
in one hand, and lidocaine heated to 112°F (44.4°C) was injected in 
the other; the sides were assigned randomly. Neither the volunteer 
nor the person giving the injection was told the temperature of the 
lidocaine. For each injection, 0.4 mi of 1% lidocaine (Elkins-Sinn, Inc., 
Cherry Hill, NJ) was injected via a 1-ml tuberculin syringe and a 27- 
gauge needie. A skin wheal was formed, and then the needie was 
inserted farther into the subcutaneous tissues for the remainder of 
the injection. 

Volunteers evaluated the severity of pain in each hand during 
injection by checking one of four categories: no pain, milc pain, 
moderate pain, or severe pain. Subjects were instructed to ignore 
the initial needle stick. 

Nine subjects (36%) felt more pain with room-temperature lido- 
caine, seven (28%) felt more pain with heated lidocaine, and nine 
(36%) could distinguish no difference between the two. Among 
subjects who detected a difference between hands, the magnitude 
of difference was never more than one category (e.g., mild vs mod- 
erate) except in one case. 

The data clearly indicate no difference in pain between injections 
of heated and unheated lidocaine. Statistical evaluation [2] confirmed 
that no significant difference was found between the groups (p <.3). 

The results of this investigation suggest that the time and effort 
involved in warming lidocaine for injection are unwarranted. 

Phoebe A. kaplan 

Robert P. Lieberman 

Brian M. Vonk 

University of Nebraska Medical Center 
Omaha, NE 68105 
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Women in Academic Radiology 


| am sure that Whitley's article on women in academic radiology 
[1] has stimulated considerable thought and discussion. It caused 
me to think. She described a study that purported to compare 
objectively the career success of male and female academic radiolo- 
gists. The conclusion was that even with matching for age, female 
academic radiologists lagged behind their male counterparts with 
respect to both rank and size and quality of curriculum vitae. Perhaps 
this is true, although the methods of the study could be questioned. 
if correct, what does the discrepancy indicate? Are men smarter or 
harder working than women’? That there is an old-boy network 
discriminating against women? Are female academicians less avid at 
contributing articles to the literature? The causes of the discrepancy 
are not readily discernible from the study. Equality of opportunity is 
a worthy goal, and any factors impeding it should be redressed. 
However, as | pondered Dr. Whitley’s comments, | wondered whether 
the perspective was correct. 

On reflection, | believe that this survey was a case in which what 
was considered important was shown as much by what was not 
asked as by what was asked. Did the survey ask how many marriages 
of the professionals concerned have ended in divorce? Was any 
attempt made to determine which academicians had devoted so 
much time to their careers that their children grew up as strangers, 
and their spouses became but dim memories? Is such devotion to 
career to the exclusion of family more common among men or 
women? Recently, a career-oriented male professional exhibited 
some relevant behavior (although he is admittedly not in the field of 
medicine). During the last college basketball season, because of an 
out-of-town basketball game, an NCAA coach was absent when his 
son died (from congenital heart disease). This coach's devotion to 
career success, and lack of familial devotion, was rewarded recently 
by a lucrative professional coaching contract. | wonder how such 
behavior would be received if it were exhibited by any female profes- 
sional. | know many male professionals who would rather not neglect 
their families but do so because they feel that for a male academic, 
success is judged purely by size and quality of his curriculum vitae. 

The other side of this same coin is this: How many of the seemingly 
successful high-ranking male professionals have long-standing mar- 
riages to highly successful female professionals? In this regard, 
societal expectations of men and women seem to differ. For example, 
how many well-regarded wives of male department chairmen have 
devoted their lives to making light the load of their professional 
spouses by taking care of ail family chores, even including deathbed 
vigils? How many such spouses actively have aided their husbands’ 
careers by organizing social and other activities, entertaining visitors, 
and performing many other tasks? How many female professionals 
have such helpful spouses? 

These comments are not meant to denigrate a valid attempt to 
evaluate the state of our profession, but | think we must keep a 
proper perspective. it has been said that a woman cannot have a 
successful career without making compromises. | submit that in the 
real world, everyone is making compromises. Let success be judged 
by contentment with the compromises a person has chosen. It is 
hoped that the choices are made freely. If this were the best of all 
possible worlds, perhaps all of us would have the same options. 
However, | am afraid this may never be so. When we caiculate the 
level of a person's success, let us also keep in mind what that person 
has chosen to give up to achieve that success. 

Philip J. Kenney 
The University of Alabama at Birmingham School of Medicine 
Birmingham, AL 35233 
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Reply 


| am delighted that my comments in AJA caused Dr. Kenney to 
consider the status of women in academic radiology. And the status 
was all that we studied! Dr. Kenney states that “the methods of the 
study could be questioned” but does not mention having read the 
original article [1]. As pointed out in both the original article and the 
perspective in AJR, we did have questions that we wished we had 
asked in an attempt to find out why women do not progress through 
the ranks of academia as fast as their male peers do. However, we 
did not ask, and therefore we do not have the answers. Some 
possible answers were offered in the original article. | offered further 
speculation in AJR but clearly pointed out that these are only possi- 
bilities. 

Regarding the philosophical discussion of what constitutes suc- 
cess, | believe that that is each person’s decision. | used the term 
“successful female professional” with quotation marks, as my real 
point was the perception that the word “success” frequently has the 
qualifier “female” when applied to a woman, but “successful male 
professional” is not used to describe a man. 

| am delighted also that my remarks caused Dr. Kenney to bring 
up career compromises. | think women’s career choices may be more 
complicated than men's career choices. Men usually co not have to 
decide about full-time vs part-time practice. The choices of the 
married men may not be limited as frequently by family and mobility. 
Some women are in jobs that are not of their choosing, but these 
jobs are the only ones available in the particular areas where the 
women and their spouses have chosen to settle. Most couples accept 
some compromises in life, but the compromises should not always 
have to be made by the woman. My observations of house staff and 
younger faculty members suggest the existence of a trend toward 
more sharing of compromises. 

Again, my thanks to Dr. Kenney for his concern about these issues 
and for sharing his thoughts. 

Nancy O. Whitley 
University of Maryland Medical System 
Baltimore, MD 21201 
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Outpatient Peripheral Angioplasty 


We read with interest the report of Lemarbre et al. [1] and the 
commentary by Redman [2] regarding outpatient peripheral angio- 
plasty. In the last 3 years we have performed more than 40 outpatient 
angiopiasties. Almost all of these were iliac angioplasties; the remain- 
der involved the superficial femoral artery. Seven-French catheters 
were used, and the patients were given 2000-3000 units of heparin 
intraarterially during the procedure. After the balloon catheter was 
withdrawn, hemostasis was obtained by applying finger pressure for 
10 min. After this, the patients were observed for 2 hr in a recovery 
area and then discharged home with a relative. No postprocedural 
compression device was used. No significant complications occurred. 
We agree that the time has come for outpatient peripheral angioplasty 
in selected patients, but we suspect that a period of observation 
shorter than the 4-6 hr suggested by Lemarbre et al. may be possible. 

Steven Millward 

Abdul Jaward 

John Gooding 

Derek Wyant 

Port Arthur Generaf Hospital 
Thunder Bay, Ont. P7A 4X6 
Canada 
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Reply 


The letter by Millward et al. again confirms the low risk of outpatient 
peripheral angioplasty reported by us and by a previous group of 
investigators |1]. Milward et al. believe that a shorter period of 
observation than 4-6 hr suggested in our report may well be possible. 

As emphasized by Redman in the commentary that followed our 
report, most complications related to angioplasty occur early and are 
recognized either during the procedure or during arterial compression 
at the end of the procedure. Bleeding at the puncture site is the most 
worrisome of the delayed complications because it may be life threat- 
ening and requires immediate attention. The bleeding may be external 
or internal, and both circumstances may have serious consequences. 
Until further experience with outpatient peripheral angioplasty is 
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available, we think that major precautions should be taken to minimize 

the risk of delayed bleeding at the entry site. This includes at least 

the following measures: use of relatively small angioplasty catheters, 

reversal of heparinization by appropriate doses of protamine sulfate, 

application of local compression for at least 20 min, and a period of 

observation of at least 4-6 hr after the procedure. As stated by 

Redman, serious delayed complications will occur occasionally after 

outpatient peripheral angiopiasty, and all possible precautions must 

be taken to minimize this risk and to provide emergency management 
for these patients if needed. 

Lise Lemarbre 

Gilles Hudon 

Martial G. Bourassa 

Montreal Heart Institute 

University of Montreal, School of Medicine 

Montreal, Que. HIT 108 

Canada 
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CLINICAL LITERATURE 


The New England Journal of Medicine 


Screening for fetal Down’s syndrome in pregnancy by measuring 
maternal serum alpha-fetoprotein levels. DiMaio MS, Baumgarten 
A, Greenstein RM, Saal HM, Mahoney MJ (MSD, Dept. of Human 
Genetics, Yale University School of Medicine, 333 Cedar St., New 
Haven, CT 06510). N Engl J Med 317:342-346, Aug. 1987 


Although the risk of Down's syndrome increases with maternal 
age, women under 35 bear about 80 percent of the infants born with 
this condition. We prospectively investigated the utility of measuring 
maternal serum alpha-fetoprotein during the second trimester in 
women under 35 in order to identify pregnancies in which the fetus 
was affected with Down's syndrome. Over a two-year period, 34,354 
women in this age group were screened. Amniocentesis was offered 
when the risk of Down’s syndrome, calculated as a function of 
maternal age and maternal serum alpha-fetoprotein concentration 
adjusted for maternal weight and race, was 1:270 or higher, the risk 
for a 35-year-old woman. This threshold was exceeded in 1451 
women in whom gestational age was confirmed by ultrasound; 9 
women in this group had a fetus with the syndrome. In three women 
whose fetuses had trisomy 18 and one whose fetus had trisomy 13, 
the calculated risk of Down's syndrome was 1:270 or higher. Thus, 
among women in whom the risk exceeded our cutoff point, 1 in 161 
were found to have a pregnancy in which the fetus was affected with 
Down's syndrome; the figure was 1 in 112 for all autosomal trisomies. 
Eighteen pregnancies involving Down's syndrome, three involving 
trisomy 18, and two involving trisomy 13 were not associated with a 
calculated risk above the cutoff point. 

The available data indicate that in our population, using a cutoff 
for risk at which 5 percent of women under 35 are offered amniocen- 
tesis, we will detect one quarter to one third of pregnancies in which 
the fetus has Down's syndrome. 


Cancer 


Extraskeletal osteosarcoma. Chung EB, Enzinger FM (FME, 
Armed Forces Institute of Pathology, Washington, DC 20306-6000). 
Cancer 60:1132-1142, 1987 


A retrospective study of 88 cases of extraskeletal osteosarcoma 
revealed that this tumor affects adult almost exclusively, with a high 
incidence in patients older than 50 years, and is Slightly more common 
in males (58%) than in female patients. The tumor occurred principally 
as a soft tissue mass in an extremity, with a predilection for the thighs 
(lower extremity, 46.6%; upper extremity, 20.5%) and the retroperi- 
toneum (17%). Most were deep-seated and were firmly attached to 
the fascia, but occasionally they were freely movable and confined to 
the subcutis or dermis. Nearly all presented as an insidiously growing 
mass rarely causing pain or tenderness. The preoperative duration of 
symptoms ranged from 2 weeks to 25 years (median, 6 months). In 
17 cases, it exceeded 2 years. A history of prior trauma to the site 
of the tumor was stated in 11 of the 88 cases (12.5%) and of radiation 
in five cases (5.7%). Microscopically, the tumors contained varying 
amounts of neoplastic osteoid and bone, sometimes together with 
islands of malignant-appearing cartilage. Like osteosarcoma of bone, 
extraskeletal osteosarcoma showed a striking variation in histologic 
appearance and focally resembled malignant fibrous histiocytoma, 
fibrosarcoma, and malignant schwannoma. Follow-up information 
was available for 65 patients. Eight (12.3%) patients were alive with 
no evidence of recurrence; 12 (18.5%) patients were alive with one 
or more recurrences; and five (7.6%) were alive with metastases. 
Twenty-eight of the tumors (43%) recurred and 39 (63%) metasta- 
sized. Forty (61.5%) of the patients with follow-up information had 
died, 36 from the tumor and four from miscellaneous causes. The 
prevailing sites of metastases were the lung, the regional lymph 
nodes, and bone. 

Reprinted by permission from the American Cancer Society. 


Chest 


Percutaneous small bore catheter draining in the management 
of lung abscesses. Parker LA, Melton JW, Delany DJ, Yankaskas 
BC (LAP, Dept. of Radiology, University of North Carolina School of 
Medicine, Chapel Hill, NC 27514). Chest 92:213-218, Aug. 1987 


For patients with pyogenic lung abscesses who do not respond to 
medical therapy, thoracotomy with pulmonary resection is the widely- 
accepted treatment of choice. Six patients with lung abscess who 
failed to respond to conservative medical management were treated 
by percutaneous catheter drainage using small catheters (10 Fr or 
smaller). Five patients showed prompt clinical improvement and the 
sixth improved after a modification in antibiotic therapy. All patients 
recovered with radiographic resolution of the abscess and were well 
at followup periods from two months to two years. In such patients, 
percutaneous drainage with small catheters provides an excellent 
Clinical result with minimal risk and trauma. 
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Circulation 


Does coronary artery bypass surgery restore normal maximal 
coronary flow reserve? The effect of diffuse atherosclerosis and 
focal obstructive lesions. Wilson RF, White CW (RFW, Dept. of 
Medicine, Div. of Cardiology, Box 508 UMHC, University of 
Minnesota Hospital and Clinics, Minneapolis, MN 55455). Circulation 
76(3):563-571, Sept. 1987 


Aortocoronary vein bypass surgery might not restore normal max- 
imal coronary flow reserve to bypassed coronary vessels because 
residual diffuse coronary atherosclerosis might limit maximal hyper- 
emia. To investigate the effect of diffuse atherosclerosis and a focal 
stenosis at the graft-coronary anastomosis, we measured coronary 
flow reserve with an extensively validated subselective Doppler cath- 
eter in 24 patients with 35 bypass grafts perfusing angiographically 
normal coronary vessels. The Doppler catheter was positioned in the 
midportion of the graft, and coronary flow reserve was measured as 
the peak/resting velocity ratio after selective graft injection of a 
maximally vasodilating dose of papaverine. Luminal dimensions of 
the bypass graft, graft-coronary insertion, and bypassed coronary 
vessel were measured by quantitative coronary angiography (Brown/ 
Dodge method). Measurements of coronary flow reserve and coro- 
nary dimensions of vein bypass grafts were compared with similar 
measurements obtained from 13 patients with normal coronary ves- 
sels and normal myocardium. Seventeen of the 35 bypass grafts 
perfused unobstructed coronary-—vein graft anastomoses (<50% area 
stenosis) and normal myocardium. The coronary flow reserve of these 
17 bypass grafts was normal (5.0 + 0.4, mean + SEM) and not 
significantly different from that measured in normal arteries (5.1 + 
0.6), even though the cross-sectional area of the native coronary 
artery just distal to the bypass insertion was 40% smaller than in 
matched normal vessels. Bypass grafts perfusing hypertrophied (n = 
2) or infarcted (n = 6) myocardium had significantly reduced coronary 
flow reserve compared with normal vessels (2.7 + 0.3; p < .01), even 
when the infarcted wall had only minimal hypokinesis. In grafts 
perfusing normal myocardium, coronary flow reserve was significantly 
correlated with a minimum cross-sectional area of the graft at the 
point of coronary insertion (r = .77) and the percent area stenosis of 
the graft-coronary insertion (r = .77). All bypass grafts having lesions 
at the graft-coronary insertion producing less than 50% area stenosis 
or with greater than 2.0 mm? minimum cross-sectional area had 
normal coronary flow reserve. These results demonstrate that myo- 
cardial revascularization with an aortocoronary vein bypass graft 
restores a normal maximal flow reserve capacity to the perfusion field 
of the graft, provided that the graft perfuses a nonstenotic coronary 
vessel and normal myocardium. These findings suggest that moder- 
ate, diffuse coronary atherosclerosis does not significantly impair 
maximal coronary flow reserve. Moreover quantitative angiographic 
measurements may be useful in predicting the functional significance 
of lesions at the graft-coronary anastomosis. 


Gastroenterology 


Occult radiopaque jaw lesions in familial adenomatous 
polyposis coli and hereditary nonpolyposis colorectal cancer. 
Offerhaus GJA, Levin LS, Giardiello FM, et al. (J.H. Yardley, Dept. 
of Pathology, The Johns Hopkins Hospital, 600 N. Wolfe St., 
Baltimore, MD 21205). Gastroenterology 93:490-497, 1987 


The purposes of this study were to determine the association, in 
10 pedigrees, between adenomatous polyposis coli, hereditary non- 
polyposis colorectal cancer, and occult radiopaque jaw lesions, and 
to assess whether these radiodensities are predictors for adenoma- 
tous polyposis. In seven kindreds with adenomatous polyposis, all 
patients with polyps had jaw lesions; in one kindred, no jaw lesions 
were found. In one of two kindreds with hereditary nonpolyposis 
colorectal cancer, no affected individuals had jaw lesions. In the other, 
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the 1 affected patient with dental radiographs had generalized jaw 
lesions. Twelve children <16 yr old at risk for adenomatous polyposis 
were observed. Seven children with jaw lesions developed polyps 
after a mean interval of 4 yr. Five children without jaw lesions were 
polyp-free during a 5-10-yr follow-up. Thus, occult jaw lesions are 
consistently found only in some families with adenomatous polyposis 
coli, providing support for heterogeneity in polyposis syndromes. Jaw 
lesions are good predictors for polyp development in kindreds with 
adenomatous polyposis coli and jaw lesions. Their role as markers in 
hereditary nonpolyposis colorectal cancer needs exploration. 
Reprinted with permission by the American Gastroenterological Association. 


Scandinavian Journal of Gastroenterology 


Screening for Campylobacter pyloridis in patients with upper 
dyspepsia and the relation to inflammation of the human gastric 
antrum. Raskov H, Lanng C, Gaarslev K, Hansen BF, Hauch O 
(HR, Kildegardsvej 31, 2900 Hellerup, Denmark). Scand J 
Gastroenterol 22:568-572, 1987 


Campylobacter pyloridis, a recently detected microorganism, was 
isolated from gastric antral mucosa in 58% of 119 consecutive 
patients with upper dyspepsia. There was a highly significant corre- 
lation between the presence of Campylobacter pyloridis and antral 
inflammation and a close relation to prepyloric and duodenal ulcer. 
There was no significant correlation with the severity or type of 
inflammation. This microorganism, which seems to be as common in 
Denmark as in other parts of the world, is considered a possible 
cause of gastroduodenal disease. 


The Journal of Bone and Joint Surgery 


Scintigraphy with gallium-67 citrate in staging of soft-tissue 
sarcomas of the extremity. Finn HA, Simon MA, Martin WB, 
Darakjian H (HAF, University of Chicago Medical Center, 5841 S. 
Maryland Ave., Box 102, Chicago, IL 60637). J Bone Joint Surg 
[Am] 69-A:886, 1987 


We performed a retrospective study of sixty patients who had a 
soft-tissue sarcoma of the extremity to determine the usefulness of 
scintigraphy with gallium-67 citrate as a staging modality. Abnormal 
activity of the gallium was present in forty-one of forty-eight sites in 
which there was macroscopic primary tumor. In six of the forty-eight 
patients, the imaging demonstrated non-pulmonary metastases that 
had not been detected by any other staging studies. Scintigraphy 
with gallium-67 citrate should be employed routinely for staging of 
soft-tissue sarcomas because of its utility in detecting non-pulmonary 
metastases that are not otherwise detected on routine staging stud- 
ies. 


The Journal of Urology 


Pica/burden: a staging system for upper tract urinary stones. 
Griffith DP, Valiquette L (DPG, Dept. of Urology, Baylor College of 
Medicine, 6560 Fannin, Ste. 1003, Houston, TX 77030). J Urol 
138:253-257, Aug. 1987 


A staging system is proposed to stratify upper urinary tract stones 
by their complexity, location and burden. Burden is defined as the 
sum of the longest axial diameter of all stones. The kidney is divided 
into 3 cavities (pelvis, branches or infundibula and calices). The ureter 
is defined according to 4 segments (upper, middle, lower and jux- 
tavesical). Special descriptors (sand, match heads and fragments) 
are defined. The use of a scoring diagram allows for a concise 
description of the complexity and burden of stone in each renal and 
ureteral cavity. The system facilitates computerized stratification of 
upper tract stones. 
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British Journal of Urology 


Does the severity of presentation in children with vesicoureteric 
reflux relate to the severity of the disease or the need for 
operation? Ozen HA, Whitaker RH (RHW, Dept. of Urology, 
Addenbrooke’s Hospital, Hills Rd., Cambridge CB2 2QQ). Br J Urol 
60:110-112, 1987 


The presenting symptoms, number of previous urinary tract infec- 
tions, grade of reflux and incidence of renal scarring, together with 
an analysis of the need for reimplantation of the ureters, were 
assessed retrospectively in 222 patients with vesicoureteric reflux. 
The grade of reflux was found to be as severe in patients presenting 
after a single urinary tract infection as in those presenting after more 
than one infection. Regardiess of whether patients presented with 
mild, moderate or severe symptoms, the degrees of reflux and renal 
Scarring remained similar. There was no relationship between the 
severity of presenting symptoms and the eventual need for ureteric 
reimplantation, 

All children should be investigated when they present for the first 
time with a urinary tract infection, irrespective of age, sex or severity 
of symptoms. 


Pediatrics 


Sleep apnea and vocal cord paralysis secondary to type 1 Chiari 
malformation. Ruff ME, Oakes WJ, Fisher SR, Spock A (MER, 
Allergy-Immunology Service, Wilford Hall USAF Medical Center, 
Lackland AFB, San Antonio, TX 78236). Pediatrics 80(2):231-234, 
Aug. 1987 


A previously healthy 13-year-old boy without myelodysplasia who 
had mild scoliosis was seen with complaints of nasal congestion, 
noisy nighttime breathing, and difficulty sleeping. Flattening of the 
inspiratory loop on the flow-volume curve was found on pulmonary 
function testing, suggesting a variable extrathoracic obstruction due 
to a laryngeal lesion. Bilateral abductor vocal cord paralysis and sleep 
apnea developed precipitously following general anesthesia. Further 
workup demonstrated a type-I Chiari malformation with syringomye- 
lia. Brainstem abnormalities such as Chiari malformation with second- 
ary tenth cranial nerve deficits should be considered in previously 
healthy children and adolescents with signs and symptoms of upper 
airway obstruction and apnea. 

Reprinted by permission of PEDIATRICS © 1987. 


The Journal of Pediatrics 


Ventilatory predictors of pulmonary hypoplasia in congenital 
diaphragmatic hernia, confirmed by morphologic assessment. 
Bohn D, Tamura M, Perrin D, Barker G, Rabinovitch M (DJB, 
Intensive Care Unit, The Hospital for Sick Children, 555 University 
Ave., Toronto, Ont., Canada M5G 1X8). J Pediatr 111:423-431. 
1987 


We carried out a prospective study in 66 infants with congenital 
diaphragmatic hernia within the first 6 hours of life to determine 
whether outcome is related to the degree of underlying pulmonary 
hypoplasia, as predicted by preoperative Paco, when correlated with 
an index of ventilation (VI = mean airway pressure x respiratory rate) 
and confirmed by postmortem analysis of the lung. Those infants 
with Paco, > 40 mm Hg before surgery had a 77% mortality; when 
Paco, reduction could be achieved only with Vi >1000, the mortality 
was still >50%. After repair, however, the ability to hyperventilate to 
Paco: <40 mm Hg proved to be an important determinant of survival: 
only one of 31 infants in this group died, whereas only two of 27 
infants with Paco, >40 mm Hg survived. In 16 infants with Paco, 
>40 mm Hg despite hyperventilation, high-frequency oscillatory ven- 
tilation was started. This resulted in a rapid fall in Pacos, but 14 of 
the 16 infants had only temporary improvement in oxygenation, and 
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died. In five of the infants who died, alveolar number was assessed 
by postmortem morphometric analysis; there was a severe reduction 
to less than 10% of published normal neonatal values. Pulmonary 
vascular changes of increased muscularization were less remarkable 
than those observed in infants with persistent pulmonary hyperten- 
sion. Our findings suggest that the degree of pulmonary hypoplasia 
(which would not be influenced by surgical repair), rather than the 
pulmonary vascular abnormality, mainly determines survival. Consid- 
eration could therefore be given to an initial nonsurgical approach to 
congenital diaphragmatic hernia, with the expectation that pulmonary 
function might improve and pulmonary vascular resistance decrease. 


RADIOLOGY SUBSPECIALTY JOURNALS 
The Journal of Nuclear Medicine 


Radionuclide evaluation pre- and postextracorporeal shock 
wave lithotripsy for renal calculi. Bomanji J, Boody SAM, Britton 
KE, Nimmon CC, Whitfield HN (JB, St. Bartholomew's Hospital, 
London, United Kingdom). J Nuc! Med 28:1284-1289, 1987 


Forty-two patients were evaluated pre- and postextracorporeal 
shock wave lithotripsy (ESWL) using [°°Tc]DTPA renography. A 
quantitative evaluation showed that the relative renal function de- 
creased 2-3 days post-ESWL on the treated side, and the parenchy- 
mal transit time index (PTTI) increased 2-3 days post-ESWL p< 
0.001) on the treated side and returned to the pretreatment level by 
3 wk post-ESWL. The untreated side showed an increase in PTT! 2- 
3 days post-ESWL (p < 0.01), which returned to normal by 3 wk 
post-ESWL. A significantly greater increase in PTT! was seen in 
patients who received >1,000 shocks as compared with those who 
received <1,000 shocks. Five patients developed obstructing uro- 
pathy post-ESWL, when stone fragments caused ureteric obstruc- 
tion. 


Gastrointestinal Radiology 


Endosonographic staging of rectal carcinoma. Di Candio G, 
Mosca F, Campatelli A, Cei A, Ferrari M, Basolo F (GDC, Istituto di 
Clinica Chirurgica Generale Universita’ di Pisa, Sezione Diagnostica 
Con Ultrasuoni, Via Roma 67, 56100 Pisa, Italy). Gastrointest Radiol 
12:289-295, 1987 


Transrectal ultrasonography (US) scanning facilitates the ultra- 
Structural differentiation of the various histologic layers of the rectal 
wall. In particular, the muscularis propria is represented by the 4th 
sonographic layer. Rectal carcinoma appears on US as a low echo- 
genic area that suddenly interrupts the regular sequence of parietal 
layers. 

Sixty-five patients suffering with carcinoma of the lower two-thirds 
of the rectum underwent preoperative linear endosonography for 
Staging. The reliability of such a method in assessing the extrarectal 
spread was evaluated in our study, at the end of which 55 sono- 
graphic/histologic correlations were obtained. Four false-negative and 
1 false-positive determinations of the presence or absence of extra- 
rectal spread proved that sonography has a sensitivity and specificity 
of 91%, with a positive predictive value of 97% and a negative 
predictive value of 71%. Lower results are obtained in lymph node 
staging: enlarged lymph nodes are seen in only 11/22 C1/C2 patients 
(11 false negatives) while we were aware of 3 false positives. 


Journal of Ultrasound in Medicine 


Sonographic evaluation of abdominal lymphoangiomas in 
children. Blumhagen JD, Wood BJ, Rosenbaum DM (JDB, Dept. of 
Radiology, Children’s Hospital and Medical Center, 4800 Sand Point 
Way, N.E., P. O. Box C5371, Seattle, WA 98105). J Ultrasound 
Med 6: 1987 


AJR:149, December 1987 


Sonography provided an accurate diagnosis in 10 preoperative 
studies and correctly showed the extent of the lesions in two post- 
operative examinations in a group of 12 children with surgically proven 
intraabdominal lymphangiomas. These masses typically contained 
anechoie fluid in one or more contiguous cystic loculations bounded 
by or containing one or more 1- to 2-mm thick septa. Thicker septa 
occurred in several cases with inflammation and/or accumulations of 
fatty tissue. Chylous or creamy fluid displayed fine diffuse echoes, 
whereas hemorrhage resulted in coarse echoes and/or solid masses. 
In two patients unusual renal involvement mimicked polycystic kidney 
disease. Typical sonographic appearances of lymphangioma may be 
radically-altered by hemorrhage, inflammation, and unusual sites of 
involvement. 

Reprinted with permission by the American Institute of Ultrasound in Medi- 
cine. 


Magnetic Resonance Imaging 


Prolonged bone marrow T,-relaxation in acute leukaemia. In 
vivo tissue characterization by magnetic resonance imaging. 
Thomsen C, Sorensen PG, Karle H, Christoffersen P, Henriksen O 
(CT, Dept. of Magnetic Resonance, Hvidovre Hospital, DK-2650 
Copenhagen, Denmark). Mag Reson Imag 5:251-257, 1987 
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In vivo tissue characterization by measurement of Tı- and Tz- 
relaxation processes is one of the greatest potentials of magnetic 
resonance imaging (MRI). This may be especially useful in the evalu- 
ation of bone marrow disorders as the MRI-signal from bone marrow 
is not influenced by the overlying osseous tissue. 

Nine patients with acute leukaemia, one patient with myelodyspas- 
tic syndrome, and ten normal volunteers were included in the study. 
The T,- and T>-relaxation processes were measured in the lumbar 
spine bone marrow using a wholebody superconductive MR-scanner 
operating at 1.5 Tesla. In the patients MRI was done at the time of 
diagnosis and during follow-up of chemotherapy and related to bone 
marrow biopsies taken within three days of the MRI. 

At the time of diagnosis T,-relaxation time was increased two to 
three times in the patients (range 0.7-3.0 sec.) compared to the 
controls (range 0.38-0.60 sec.). No significant difference was seen 
in the To-relaxation process. 

In relation to chemotherapy T, decreased towards the normal 
range in the patients who obtained complete remission, whereas T, 
remained prolonged in the patients who did not respond successfully 
to the treatment. 

The results indicate that MRI may be a non-invasive clinically useful 
tool in the evaluation of acute leukaemia especially as a follow-up 
control of chemotherapy. 
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Roger K. Harned, Third Distinguished Scientist, Armed 


Forces Institute of Pathology 


Richard P. Moser, Jr." 


Roger K. Harned is the 
third Distinguished Scien- 
tist in the Department of 
Radiologic Pathology, 
Armed Forces Institute of 
Pathology (AFIP), for the 
academic year 1987-1988. 

Dr. Harned was born and 
raised in Madison, WI, 
where he graduated with a 
Bachelor of Science degree 
from the University of Wis- 
consin. In 1961, he received 
the degree of Doctor of Medicine from the University of 
Virginia School of Medicine in Charlottesville, VA. Internship 
at Milwaukee County General Hospital, Milwaukee, WI, was 
followed by 2 years of general medical practice. Dr. Harned 
then took his residency in radiology at Deaconess Hospital 
and Milwaukee Children’s Hospital in Milwaukee from 1964 
to 1967. During the next year, Dr. Harned was an instructor 
in radiology at the University of Virginia School of Medicine, 
during which time he developed his special interest in gas- 
trointestinal radiology. Since 1969, Dr. Harned has been a 
member of the faculty of the University of Nebraska Medical 
Center, where he is professor of radiology. 

Dr. Harned has studied, written, and lectured extensively 
in the field of gastrointestinal radiology. He was the first 
recipient of the annual award for teaching excellence given 
by the residents in radiology at the University of Nebraska 





School of Medicine. Dr. Harned is a member of Alpha Omega 
Alpha, a fellow of the American College of Radiology, and a 
past president of the Nebraska Radiological Society. He is 
the current president of the Society of Gastrointestinal Radi- 
Ologists and is program director for the Society’s 17th annual 
scientific meeting and postgraduate course for 1988. Addi- 
tionally, Dr. Harned is a member of numerous professional 
scientific societies and associations and is a frequent visiting 
professor and speaker at postgraduate courses. 

The AFIP had its beginning in 1862 as the Army Medical 
Museum, which was developed to collect and reposit speci- 
mens and to disseminate medical and surgical information 
related to casualties incurred during the Civil War. In the 125 
years of its existence, the Institute, known as the AFIP since 
1949, has become one of the most prominent institutions of 
medical scholarship and education in the world. The AFIP’s 
mission is threefold: education, consultation, and research. 
Annually, the AFIP provides approximately 38,000 physician- 
days of postgraduate education and 63,000 consultations to 
military and civilian pathologists worldwide. Extensive labo- 
ratory, statistical, and morphologic research is continuous on 
the 2.3 million pathologically proved cases within its archives. 

The Distinguished Scientist program in the Department of 
Radiologic Pathology was established in 1985 through the 
cooperative efforts of the Director of the AFIP, the American 
Registry of Pathology, the Conjoint Committee on Radiology 
at the AFIP, and the Chairman and Registrar of the Depart- 
ment of Radiologic Pathology, AFIP. The representatives of 
the four major radiologic societies who make up the Conjoint 
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Committee on Radiology at the AFIP are Glenn W. Hartman, 
American Roentgen Ray Society; Mark M. Mishkin, chairman, 
American College of Radiology; Robert E. Campbell, Radio- 
logical Society of North America; and Thomas S. Harle, As- 
sociation of University Radiologists. Otha Linton, Associate 
Executive Director of the American College of Radiology, is 
the liaison between the Committee and the AFIP. 

The first Distinguished Scientist (1985-1986) was William 
W. Olmsted. Dr. Olmsted is Professor of Radiology at the 
George Washington University Medical Center, Washington, 
DC. The second Distinguished Scientist (1986-1987) was 
Alan J. Davidson. After completing his year as Distinguished 
Scientist, Dr. Davidson remained on the staff of the Depart- 
ment of Radiologic Pathology as senior scientist and chief, 
Section of Genitourinary Radiologic Pathology. As. Dr. Dav- 
idson’s successor, Dr. Harned will participate in the extensive 
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educational, consultative, and research activities of the de- 
partment. 

Each year the five 6-week radiologic pathology courses 
bring 600 radiology residents from more than 200 educational 
institutions across the United States and abroad to the Wash- 
ington, DC, site of the AFIP. This represents more than 50% 
of all radiology residents in the United States. Additionally, 
four short courses for radiology residents and practitioners 
are conducted annually. 

The efforts of the members of the Conjoint Committee on 
Radiology at the AFIP, and the financial support of the soci- 
eties they represent, have been the foundation for the Distin- 
guished Scientist program. As the third Distinguished Scien- 
tist, Roger Harned is certain to continue the successful prec- 
edent established by Drs. Olmsted and Davidson. 
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Meeting News 





International Pediatric Radiology ’87: Inaugural Conjoint 
Meeting of The Society for Pediatric Radiology and the 
European Society of Pediatric Radiology 


Donald R. Kirks, Secretary, The Society for Pediatric Radiology' 


International Pediatric Radiology '87 (IPR '87), the inaugural 
conjoint meeting of The Society for Pediatric Radiology (SPR) 
and the European Society of Pediatric Radiology (ESPR), was 
held May 30-June 4 at The Westin Hotel in Toronto, Ont., 
Canada. Because IPR ’87 was the first truly conjoint meeting 
of two radiology subspecialty organizations, it was important 
for diagnostic radiology, in general, and for pediatric radiology, 
in particular. The welcome association of the Australasian 
Society of Pediatric Imaging and the Latin American Society 
of Pediatric Radiology made the meeting truly international. 

The meeting was opened officially by Denis Lallemand, 
president of ESPR and co-president of IPR '87, and Derek C. 
Harwood-Nash, president of the host SPR and co-president 
of IPR ’87. The total number of registrants was 846, including 
538 pediatric radiologists. The pediatric radiologists included 
312 SPR members from North America (49 from Canada), 
169 ESPR members from European countries, and 57 other 
pediatric radiologists from around the world, including 23 from 
Australia. 

Pediatric Imaging: Update '87, an 8-hr continuing education 
symposium that presented an overview of advances in pedi- 
atric radiology, was chaired by Donald R. Kirks and Denis 
Lallemand. The scientific program consisted of 105 scientific 
papers and 62 shorter presentations. The Jacques LeFebvre 
Award paper of the ESPR was “Focal cortical dysplasia: a 
rare cause of epilepsy” by N. Sellier, G. Kalifa, G. Lalande, G. 
Ponsot, O. Dulac, and O. Robain from Paris, France. The 
Bronze Award paper of the SPR was “The role of duplex 
Doppler sonography in renal artery stenosis in the post trans- 
plant pediatric patient” by D. A. Stringer, D. O’Halpin, P. Liu, 
D. Geary, and A. Daneman from Toronto, Ontario. The Silver 
Award paper of the SPR was “Hydrocephalus in achondropla- 


Sia: diagnosis and etiology” by O. Flodmark, P. Steinbok, and 
J. Hall of Vancouver, British, Columbia. The John Caffey 
Award paper of the SPR was “Intussuception reduction by 
rectal insufflation of air’ by L. Gu, D. J. Alton, A. Daneman, 
D. A. Stringer, P. Liu, D. M. Wilmot, and B. J. Reilly of Toronto, 
Ontario. 

Three special lectures were presented at IPR ’87. The John 
T. Law Lecture of The Hospital for Sick Children was given 
by Harold J. Hoffman, Toronto, Ontario. This lecture was 
entitled “Ethical considerations in the management of congen- 
ital abnormalities of the CNS.” The Guest Lecture of the 
ESPR, “Radiological approaches to the evaluation of joint 
disease in children,” was presented by Andrew K. Poznanski, 
Chicago, IL. The Neuhauser Lecture of the SPR was given 
by Andres Giedion, Zurich, Switzerland. This 17th Neuhauser 
Lecture was entitled “Radiological syntax of genetic bone 
disease.” Dr. and Mrs. E. B. D. Neuhauser attended this 
special lecture. 

When initial discussions about an international pediatric 
radiology meeting began in 1981, considerable doubts and 
reservations were expressed by members of both the SPR 
and ESPR. However, the excellence of scientific material, 
quality of social program, and record attendance by pediatric 
radiologists verified the success of IPR '87. IPR '91 will be 
held in Stockholm, Sweden, hosted by the ESPR, and orga- 
nized locally by the Swedish pediatric radiologists, with Hans 
Ringertz as president of the ESPR. We have every reason to 
believe that IPR ‘91 will be as overwhelming a success as 
IPR '87. Moreover, we hope that the success of IPR ’87 will 
stimulate other radiology subspecialty organizations to plan 
international conjoint meetings. 
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Preceptorships in Imaging and Interventional 
Radiology, 1987-1988 


The Dept. of Radiology and the School of Medicine, University of 
California, SansDiego, are cosponsoring 1- to 8-week preceptorships 
in imaging for physicians interested in updating their knowledge of 
diagnostic sonography, including carotid and abdominal duplex scan- 
ning or a cambination of sonography and abdominal CT (abdominal 
CT is not offered as an independent rotation), and interventional 
radiology. Category 1 credit: 40 hr/week attendance. Information: 
Elizabeth Novak, UCSD Medical Center, Ultrasound Division, 225 
Dickinson St., San Diego, CA 92103; (619) 543-6657. 


Delaware Valley Magnetic Resonance Imaging 
Society Monthly Meetings 


The Delaware Valley Magnetic Resonance Imaging Society is 
holding its second monthly series of meetings at the Graduate Hos- 
pital, Philadelphia, PA. The meetings, which began in October, will 
continue through May 1988. The format will include case presenta- 
tions and lectures on more technically oriented topics that are of 
importance to the practicing radiologist. Category 1 credits are avail- 
able throughthe University of Pennsylvania. Information: D. P. Mayer, 
M.D., The Graduate Hospital, 1 Graduate Plaza, 10th Floor, Ste. 
1000, Philadelphia, PA 19146; (215) 893-7664. 


Thermography in Neuromusculoskeletal Disorders 


The Dept. of Rehabilitation Medicine, Mount Sinai School of Med- 
icine, The City University of New York, is sponsoring Thermography 
in Neuromusculoskeletal Disorders, Dec. 12-13. The course, which 
will include lectures and a workshop in interpretation, will be repeated 
Feb. 6-7 and April 16-17, 1988. Course director: A. A. Fischer. 
Category 1 credit: 15 hr. Information: A. A. Fischer, MD, PhD, Course 
Director, 17 Wooley Lane E., Great Neck, NY 11021; (516) 829-9469. 


Diagnostic Ultrasound at Thomas Jefferson 
University Hospital 


The Divisicn of Diagnostic Ultrasound, Dept. of Radiology, Thomas 
Jefferson Unwersity Hospital, is sponsoring three courses: Physics 
and Instrumentation, Jan. 6-10, 1988; Cross-Sectional Anatomy, Jan. 
13-17, 1988 and Abdomen, Jan. 20-24, 1988. Program director: 
Barry Goldberg. Category 1 credits will be awarded. Fee: $575 (for 
each course) Information: Judith Superior, Education Coordinator, 
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Thomas Jefferson University Hospital, Philadelphia, PA 19107; (215) 
928-8533. 


Practical Aspects of Diagnostic Radiology/Medical 
Imaging 


Vanderbilt University is planning a symposium, Practical Aspects 
of Diagnostic Radiology/Medical Imaging, to be held Feb. 13-19, 
1988, at the Snowmass Conference Center in Snowmass Village, 
CO. Emphasis will be on everyday problems, approached from the 
point of view of diagnostic radiology and medical imaging. Conven- 
tional radiographs will be included when appropriate. Category 1 
credit: 26 hr. Fee: physicians, before Dec. 13, $485; after Dec. 13, 
$545; residents, $300 (letter required). Information: Sher Reed, Van- 
derbilt Division of CME, CCC-5326 Medical Center N., Nashville, TN 
37232; (615) 322-4030. 


Winter Imaging Seminar 


The Dept. of Radiology, Hospital of the University of Pennsylvania, 
is sponsoring the 4th annual Winter Imaging Seminar, Feb. 15-19, 
1988, at the Camino Real Hotel in Cancun, Mexico. The seminar will 
analyze a potpourri of imaging methods, including prostate and 
scrotal imaging, liver tumors, infections of the genitourinary and head 
and neck areas, obstetric sonography, Doppler imaging, lumbar 
spine, and avascular necrosis. Course director: Peter Arger. Faculty: 
Kenneth Allen, Peter Arger, Ronald Arenson, Beverly Coleman, Kath- 
ryn Grumbach, Marshall Mintz, R. B. Jeffrey, Jr., J. K. T. Lee. 
Category 1 credit: 18 hr. Fee: $450. Information; Janice Ford or 
Nancy Fedullo, Dept. of Radiology, Hospital of the University of 
Pennsylvania, 3400 Spruce St., Philadelphia, PA 19104; (215) 662- 
2904 or 662-6982. 


Vail Winter Imaging Seminar IV 


The Western Pennsylvania Hospital is sponsoring the Vail Winter 
Imaging Seminar IV, Feb. 21-28, 1988, at Marriott's Mark Resort, 
Vail, CO. This seminar has been designed as an intensive review of 
current developments in diagnostic imaging and interventional radiol- 
ogy. The course will emphasize current technology, application of 
imaging techniques, and the correlation of pathophysiologic events 
with radiologic interpretation. Course directors: H. L. Neiman and 
Neal Joseph. Category 1 credit: 23 hr. Fee: physicians, $425; fellows 
and residents, $325. Information: Dept. of Continuing Medical Edu- 
cation, The Western Pennsylvania Hospital, 4800 Friendship Ave., 
Pittsburgh, PA 15224; (412) 578-6927. 
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Annual Skeletal Symposium 


The Dept. of Radiology, Hospital of the University of Pennsylvania, 
is sponsoring the 11th annual Skeletai Symposium, Feb. 29—March 
4, 1988, at the Sun Valley Lodge/inn in Sun Valley, ID. The sympo- 
sium will emphasize practical aspects of bone and joint disease, 
including newer radiologic approaches for the detection of musculo- 
skeletal diseases. The roles of imaging techniques such as CT, MR, 
and sonography will be covered. A limited number of free papers will 
be accepted for presentation. Faculty: Murray Dalinka; Deborah 
Forrester, Victor Frankel, Martin Gelman, H. K. Genant, J. J. Kaye, 
Morrie Kricun, Paul Lotke, J. C. Mall, Michael Pitt, Donald Resnick. 
Category 1 credit: 23 hr. Fee: physicians, $445; residents, $325. 
information: Janice Ford or Nancy Fedullo, Dept. of Radiology, Hos- 
pital of the University of Pennsylvania, 3400 Spruce St., Philadeiphia, 
PA 19104; (215) 662-6904 or 662-6982. 


Annual Course of the Society of Computed Body 
Tomography 


The 11th annual course of the Society of Computed Body Tomog- 
raphy will be held Feb. 29-March 4, 1988, at the Hyatt Regency 
Monterey, Monterey, CA. This comprehensive course is designed to 
provide an abundance of timely and useful information on diagnostic 
and interventional applications of body CT. Comparative imaging, 
especially current applications of body MR imaging, will receive 
attention also. Category 1 credit: 30.5 hr (applied for). Fee: physicians, 
$500; residents and fellows, $375. Information: Society of Computed 
Body Tomography, c/o Matrix Meetings, Inc., Barbara McLeod, 
Meeting Manager, P.O. Box 1103, Rochester, MN 55903: (507) 288- 
5620. 


The George Simon Award 


Established to honor the memory of George Simon, the George 
Simon Memorial Fellowship Award is presented annually by the 
Fleischner Society for the best original work relating to radiologic or 
other imaging of the respiratory system. The winning author will 
receive a cash prize and an all-expenses-paid trip to the Fleischner 
Society meeting and course to present the award paper. in 1988, the 
meeting will be in Montreal, Quebec, Canada, May 15-21. The award 
paper may be the result of work done by several investigators, but 
the senior author should be the applicant and responsible for the 
majority of the work. Papers previously published or submitted for 
publication are not eligible. Applicants should not be more than 40 
years old. Manuscripts and illustrations must be in the form of a 
complete scientific paper, no longer than 25 typed, double-spaced 
pages, and they must be submitted in triplicate. Papers must be 
received by March 1, 1988. Submissions: R. H. Greenspan, M.D., 
Dept. of Diagnostic Radiology, Yale University School of Medicine, 
333 Cedar St., New Haven, CT 06510. 


Doppler Ultrasound in the Canadian Rockies 


Radiology Associates of Red Deer, Alberta, will sponsor a 1-day 
seminar on Doppler Ultrasound at the Banff Springs Hotel, March 4, 
1988. Duplex Doppier imaging in the first trimester of pregnancy and 
in abdominal applications, Doppler detection of tumor vascularity, 
and physics of Doppler and carotid sonography will be discussed. 
Speakers: K. J. W. Taylor, W. P. Smith, K. Beach, D. E. Strandness, 
dr., and K. Marich. Category 1 credit: 6 hr (pending). Fee: $150. 
information: Sharon Cornell, Radiology Associates, #401, 3939-50A 
Ave., Red Deer, Alta. T4N 4E6, Canada; (403) 342-4498. 


NEWS 


AJR: 149, December 1987 


Imaging Living Brain Chemistry 


The Johns Hopkins Medical Institutions are Sponsoring Imaging 
Living Brain Chemistry: Principles and Practice, March 17-18, 1988, 
at the Johns Hopkins Medical Institutions in Baltimore, MD. Positron 
emission tomography makes it possible to measure the regional 
chemistry of the living human brain. Mental events now can be related 
to in vivo brain chemistry, and a link can be made between neéurosci- 
ences and cognitive sciences. Regional bioenergetics and the chem- 
istry of neurotransmission can be measured in normal persons and 
in patients with mental and neurologic diseases. This course will 
Survey the basic principles and techniques of PET. together with 
research and clinical results. It is intended to meet the needs and 
interests of psychiatrists, psychologists, basic and clinical neurosci- 
entists, neurologists, nuclear medicine physicians, neuroradiologists, 
and others interested in the application of PET in biomedical research, 
drug development, and the care of patients who have nervous or 
mental diseases. Course directors: H. N. Wagner, Jr., J. W. Buch- 
anan. Category 1 credit: 14 hr. Fee: physicians, $290; residents and 
fellows, $145. information: P. E. Macedonia, Program Coordinator, 
JHMI, Turner 22, 720 Rutland Ave., Baltimore, MD 21 205; (301) 955- 
6085; or J. W. Buchanan, Course Codirector: (301) 955-8582. 


International Diagnostic Course: Skeletal Radiology 


The European Association of Radiologists and the Johns Hopkins 
Radiological Alumni Association are joint sponsors for the 20th Inter- 
national Diagnostic Course, March 19-26, 1988, in Davos, Switzer- 
land. The topic will be skeletal radiology, and the course will stress 
both classic and newer diagnostic imaging techniques. Other lectures 
and seminars will feature the anatomic and physiologic basis for 
radiologic-pathologic correlation and the diagnostic approach to spe- 
cific musculoskeletal diseases. Exhibits, quizzes, special lectures, 
and an evening film-reading session will be included also. Faculty: W. 
Bessler, A. Bischof-Delaloye, B. G. Brogdon, A. Chevrot, M. K. 
Dalinka, D. O. Davis, J. L. Dietemann, M. W. Donner, M. P. Federle, 
U. Feine, F. Feldman, L. A. Gilula, A. B. Goldman, J. H. Harris, J. J. 
Kaye, T. E. Keats, J. A. Kirkpatrick, R. E. Latchaw, J. E. Madewell, 
B. Maidague, W. A. Murphy, A. H. Newberg, A. Norman, P. Peters, 
H. Pettersson, O. Pohlenz, A. K. Poznanski, M. Reiser, D. Resnick, 
P. R. Ros, W. W. Scott, E. G. Theros, C. J. P. Thijn, A. Van de Berg, 
M. Viamonte, A. Wackenheim, and B. N. Weissman. Category 1 
credit: 40 hr. Fee: radiologists, $400; residents, $300. Information: 
B. G. Brogdon, M.D., University of South Alabama Medical Center, 
Mobile, AL 36617; (205) 471-7868: or M. W. Donner, M.D., Johns 
Hopkins Hospital, Baltimore, MD 21205: (301) 955-5677. 


Neuroradiology at Vail 


The Dept. of Radiology, Hospital of the University of Pennsylvania, 
will sponsor Neuroradiology at Vail, March 28~April 1, 1988, at the 
Westin Hotel, Vail, CO. The seminar will emphasize a clear under- 
Standing of brain and spinal anatomy and pathology relative to the 
interpretation of CT studies, MR, and angiography. Time will be 
devoted to new imaging techniques and their impact on the present 
state of neuroradiology. Course director: H. |. Goldberg. Faculty: 
Larissa Bilaniuk, H. |. Goldberg, R. |. Grossman, Kent Buchanan, 
Kenneth Davis, Arthur Glenn, Victor Haughton, David Norman, Felix 
Wehrli. Category 1 credit: 23 hr. Fee: physicians, $495; residents. 
$350. Information: Janice Ford or Nancy Fedullo, Dept. of Radiology, 
Hospital of the University of Pennsyivania, 3400 Spruce St., Philadel- 
phia, PA 19104; (215) 662-6904 or 662-6982. 
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National Council on Radiation Protection and 
Measurements Annual Meeting 


The 24th annual meeting of the National Council on Radiation 
Protection and Measurements will be held in Washington, DC, March 
30-31, 1988. The principal scientific session will be on radon. Infor- 
mation: National Council on Radiation Protection and Measurements, 
7910 Woodmont Ave., Ste. 1016, Bethesda, MD 20814; (301) 657- 
2652. 


Southern California Chapter of the American 
Association of Physicists in Medicine Spring 
Seminar 


The Southern California Chapter of the American Association of 
Physicists.in Medicine will hold its annual spring seminar and equip- 
ment exhibit, Scientific Advances in Radiology, April 20-22, 1988, at 
Caesars Palace, Las Vegas, NV. Topics will include radiation oncol- 
ogy, nuclear medicine, sonography, quantitative bone mineral deter- 
minations, picture archiving and communications systems, and other 
areas of current interest. The winners of the Norman A. Baily Award 
will present their research. Information: Dr. Norman A. Baily, Dept. of 
Radiology, M-010, University of California, San Diego, La Jolla, CA 
92093. 


Radiology Review Course 


The University of Miami School of Medicine will offer its Radiology 
Review Course, May 1-6, 1988, in Miami, FL. Topics will include the 
chest, cardiovascular system, abdomen, retroperitoneum, pelvis, 
musculoskeletal system, and CNS. Course directors: C. A. Poole and 
Manuel Viamonte, Jr. Faculty: M. C. Klepsa, George Abdenour, 
Rochelle Ancreotti, Barbara Bradford, German Casal, Rosendo Diaz, 
Jane Frank, J. C. Lentz, L. O. Martinez, Gaston Morillo, S. A. Oldham, 
S. G. Ostrov, C. A. Poole, M. J. Post, P. R. Ros, Steven Schoenbaum, 
Robert Shapiro, Jerome Sheldon, Evelyn Sklar, William Smoak, Jam- 
shid Tehranzadeh, Jeffrey Tobias, and Manuel Viamonte, Jr. Category 
1 credit: 39 hr. Fee: $390. Information: Carol Lamarre, Program 
Coordinator, University of Miami School of Medicine, Dept. of Ra- 
diology, P. O. Box 016960 (R-109), Miami, FL 33101; (305) 549- 
6894. 


Fleischner Society Symposium on Chest Disease 


The Fleischner Society Symposium on Chest Disease will be held 
May 16-18, 1988, at Le Centre Sheraton, Montreal, Quebec, Canada. 
Fee: up to March 14, 1988, $400; after March 14, $450. Information: 
Nomi Feldman, Conference Coordinator, 3770 Tansy St., San Diego, 
CA 92121; (619) 453-6222. 


The American Board of Radiology Examinations 


Written examinations for the American Board of Radiology (ABR) 
are scheduled for Oct. 6-7, 1988, and Oct. 5-6, 1989. Oral exami- 
nations will be held at the Executive West Hotel in Louisville, KY, on 
May 23-27, 1988, and June 5-9, 1989. The ABR will accept appli- 
cations for admission to the examinations after July 1, but not later 
than Sept. 3) in the year preceding the year in which the examination 
is to be taken. For application forms and further information: Office 
to the Secretary, The American Board of Radiology, 300 Park, Ste. 
440, Birmincham, MI 48009. 
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Meeting and Course Review 


For the reader’s convenience, a summary of upcoming meetings 
and courses is provided. Detailed listings are given in the AJR issue 
given in parentheses. 


Visiting Fellowships in MR Imaging, times arranged, San Diego, 
CA (Aug) 

Cardiac 2-D/M-Mode Imaging, Nov. 30-Dec. 4, Dallas, TX (Oct) 
Section on Radiology, the National Medical Association, open 
meeting and dinner at the RSNA annual meeting, Dec. 1, Chicago 
(Nov) 

The Johns Hopkins Medical Institutions Courses in Abdominal 
and Obstetric Ultrasound: Advanced Practicum in Ultrasound, 
Dec. 7-11, Baltimore, MD (Feb) 

Interventional Neuroradiology, Dec. 7-9, Baltimore, MD (Sept) 
Noninvasive Vascular Diagnosis by Doppler Ultrasound, Dec. 7- 
11, Washington, DC, area (Oct) 

3-D Imaging in Medicine, Dec. 10-12, Philadelphia, PA (Sept) 
Quantitative Thallium Myocardial Tomography, Dec. 14-15, 
Atlanta, GA (Sept) 

Computed Tomography Head to Toe, Dec. 14-19, New York 
(Aug) 

IARC Fellowships for Research Training in Cancer, 1988-1989, 
application deadline, Dec. 31 (Oct) 

IARC Visiting Scientist Award, 1988-1989, application deadline, 
Dec. 31 (Oct) 

Congress of the Indian Radiological and Imaging Association, 
Jan. 14-16, 1988, Coimbatore, India (June) 

Advanced Seminars in Diagnostic Imaging, Jan. 14-17, 1988, 
Laguna Niguel, CA (Nov) 

The Society of Gastrointestinal Radiologists Meeting and 
Postgraduate Course, Jan. 16-20, 1988, Nassau, Bahamas (July) 
Chest Imaging 1988, Jan. 18-21, 1988, Coronado, CA (Nov) 
Duplex Imaging, Jan. 21-23, 1988, San Diego, CA (Oct) 

Armed Forces Institute of Pathology Courses: AFIP 
Neuroradiology Review Course, Jan. 23-24, 1988, Bethesda, MD; 
AFIP Neuropathology Course, begins Jan. 25, 1988, Bethesda, 
MD (Nov) 

Los Angeles Radiological Society Midwinter Conference, Jan. 
29-31, 1988, Los Angeles (Nov) 

Neuroimaging Update, 1988, Jan. 31-Feb. 5, 1988, Paradise 
Island, Bahamas (Nov) 

Uroradiology ’88, Feb. 1-4, 1988, Orlando, FL (Oct) 

Breast Imaging 1988, Feb. 1-5, 1988, St. Thomas, U. S. Virgin 
Islands (Sept) 

Los Angeles Radiological Society Post Conference Seminar, 
Feb. 2-6, 1988, Kaanapali, Maui, HI (Nov) 

International Congress on Interventional Radiology in Cardio- 
Vascular Diseases, Feb. 3-5, 1988, Toulouse, France (Sept) 
Intermountain Imaging Conference, Feb. 6-13, 1988, Steamboat 
Springs, CO (Nov) 

12th Annual Big Sky Radiology Conference, Feb. 7-12. 1988, 
Great Falls, MT (Sept) 

Vascular Imaging and Interventional Radiology at Snowbird, Feb. 
7-12, 1988, Snowbird, UT (Nov) 

Uroradiology Course, Feb. 10-11, 1988, Bethesda, MD (Nov) 
Sun Valley Imaging, Feb. 13-20, 1988, Sun Valley, ID (Nov) 
Diagnostic Radiology and Nuclear Medicine, Feb. 14-21, 1988, 
St. Thomas, U. S. Virgin Islands (Oct) 

Palm Beach Magnetic Resonance Imaging Update, Feb. 15-17, 
1988, West Palm Beach, FL (Sept) 

Computed Body Tomography 1988-The Cutting Edge, Feb. 18- 
21, 1988, Orlando, FL (Nov) 

Radiology in Seville, Feb. 20-27, 1988, Seville, Spain (Oct) 
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Comprehensive Update: Neuroradiology, Body Imaging, and 
Mammography, Feb. 22-27, 1988, Acapulco, Mexico (Nov) 
international Conference on intracavitary Chemotherapy, Feb. 
25-27, 1988, San Diego, CA (Oct) 

Vascular Imaging and Interventional Radiology at Park City, Feb. 
28~—March 4, 1988, Park City, UT (Nov) 

National Conference on Breast Cancer, Feb. 29-March 4, 1988, 
Los Angeles (Nov) 

Masters Diagnostic Radiology Conference, March 6-11, 1988, 
Maui, HI (Oct) 

The Lyon Conference: Computer Science and Life, March 10-12, 
1988, Lyon, France (Nov) 

Diagnostic Imaging Down Under, March 12-27, 1988, Auckland, 
New Zealand; Sydney and Melbourne, Australia (Oct) 

Pediatric Radiology 1988, March 17-19, 1988, Philadelphia (Sept) 
Ultrasound at Vail, March 19-25, 1988, Vail, CO (Nov) 

Society of Cardiovascular & Interventional Radiology Meeting, 
March 21-24, 1988, Orlando, FL (Nov) 

The Society of Thoracic Radiology—Annual Postgraduate 
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Course, March 27-31, 1988, Washington, DC (July) 
international London Course in Whole Body Computed 
Tomography, March 27-31, 1988, Perthshire, Scotland (Nov) 
Spanish Radiology Seminar, April 3-8, 1988, Miami Beach, FL 
(Oct) 

international Symposium of the Planning of Radiological 
Departments, April 20-23, 1988, Florence, Italy (Sept) 


Practical Interventional Radiology-1988, April 25-28, 1988, 


Boston, MA (Oct) 

imaging the Central Nervous System, April 25-29, 1988, Tucson, 
AZ (Nov) 

international Workshop for the Study of Vascular Anomalies, 
June 20-22, 1988, Hamburg, Germany (Nov) 

European Congress of NMR in Medicine and Biology, June 23- 
25, 1988, Berlin, Germany (Oct) 

Bowman Gray Abdominal Radiology Fellowship, begins July 1, 
1988, Winston-Salem, NC (Nov) 

international Symposium on Magnetic Resonance Imaging, Dec. 
14-16, 1988, New Delhi, India (Oct) 


AJR carries announcements of courses, symposia, and 
meetings of interest to its readers if received a minimum of 5 
months before the event. There is no charge; receipt of items 
by the AJA Editorial Office is not acknowledged. Submit items 
for publication typed double spaced. Provide title, date, loca- 


tion, brief description, sponsor, course directors, fees, cate- 
gory | credit, and address and telephone number for additional 
information. Faculty from the host institution will not be listed. 
Guest faculty names will appear only if initials are provided. 
Mail news items to AJR Editorial Office, 2223 Avenida de la 
Piaya, Suite 200, La Jolla, CA 92037-3218. 
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Recognition of Manuscript and Book Reviewers for 1987 


The ecitors and the editorial staff wish to express their appreciation to the following colleagues, who as manuscript reviewers 
have spent many hours in 1987 helping to select only the most authentic, original, and useful articles for publication in the AJR, 
and to those responsible for book reviews. 

Each manuscript received by the Journal is anonymously forwarded to two knowledgeable reviewers for their opinions 
concerning the worthiness of the paper for publication and/or their suggestions for improvement. The Journal receives 1200 
manuscripts annually, of which only approximately 500 (42%) are published. The reviewers perform this service without 
compensation and with no recognition except for this acknowledgment. 

The dedication of this year’s reviewers is largely responsible for a 50% reduction in the mean time between submission of 
manuscripts and notification of authors about the initial editorial decision (that time has decreased from 8 weeks to 4 weeks). 
Initial editorial decisions are reached quickly only because reviewers agree to judge manuscripts within 2 weeks, an enormous 
commitment considering the extent of their other responsibilities. 
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Positions Available 


ISRAEL, DIAGNOSTIC RADIOLOGY. Opportun- 
ities for 3~4 week or longer working vacations in 
a number of Israeli medical centers, on a volun- 
teer basis. Positions varied, arrangements flexi- 
ble. For information contact: Jonathan H. Fish, 
M.D., 1844 San Miguel Dr, #302, Wainut Creek, 
CA 94596; (415) 947-0560. 8xa 


BC/BE GENERAL DIAGNOSTIC RADIOLOGY 
ASSOCIATE needed for 130-bed acute-care 
hospital practice. Proficiency in all modalities ex- 
cept MRI required. Locum tenens assistance 
desired until a permanent associate is obtained. 
Send CV and 3 references with initial letter of in- 
quiry to Office Manager, P.O. Box 5046, Rancho 
Mirage, CA 92210. 12a 


PEDIATRIC RADIOLOGIST—Chiidren's Hospital! 
Medicai Center of Akron has a position available 
immediately for a pediatric radiologist. Applicant 
must be board-certified or board-eligible in diag- 
nostic radiology. Additional training in CT, ultra- 
sound, nuclear medicine, and MRI is desirable. 
Send CV to Lionel W. Young, M.D., Professor and 
Chairman, Northeastern Ohio Universities, Col- 
lege of Medicine, C/O Children’s Hospital Medical 
Center of Akron, 281 Locust St., Akron, OH 
44308. 12-5a 


THE UNIVERSITY OF SOUTH FLORIDA, DEPT. 
OF RADIOLOGY, is recruiting additional radiology 
faculty for the Moffitt Cancer Center and 
Research Institute. We are seeking general 
academic radiologists with subspecialty expertise 
in nuclear, musculoskeletal, chest, abdominal, or 
interventional radiology. Fellowship or equivalent 
experience is desirable; subspecialty interest 
should encompass all imaging modalities includ- 
ing MRI. The positions involve clinical service, 
teaching, and research. Salary and academic 
rank based on qualifications. Send CV to Robert 
Clark, M.D., Dept. of Radiology, Moffitt Cancer 
Center, P.O. Box 280179, Tampa, FL 33682-0179. 
12~2ap 


DIAGNOSTIC RADIOLOGIST—University Hospital 
of Jacksonville/University of Florida is seeking an 
additional staff radiologist for a full-time faculty 
position. Specia! interest training or expertise is 
preferable in interventional, MR, pulmonary, or 
Skeletal imaging. Salary and fringe benefits are 
excellent. An academic appointment will be at the 
assistant or associate professor level depending 
on the qualification of the applicant. Application 
recruiting deadline is Jan. 15, 1988. Anticipated 
Starting date July 1, 1988. Send CV and refer- 
ences to H. Martin Northup, M.D., Chairman, 
Search Committee, University Hospital, 655 W. 
Eighth St., Jacksonville, FL 32209. AA/EOE. 12--1a 


VASCULAR/INTERVENTIONAL OPENING for 
third vascular and interventional radiologist in sub- 
Specialized 22-man private practice in 1200-bed 
fully-equipped teaching hospital. Must have 
fellowship training and experience with all aspects 
of vascular and interventional radiology. Write to 
A.D. Sears, M.D., Chairman, Dept. of Radiology, 
Baylor University Medical Center, 3500 Gaston, 
Dallas, TX 75246. 12-3a 


ULTRASOUND/CT /MRi—Opportunity for board- 
certified radiologist specializing in ultrasound, 
body CT, and body MRI to pursue academic career 
at The New York Hospital-Cornell Medical Center 
Dept. provides state-of-the-art equipment, in- 
cluding Acuson ultrasound, GE 9800 CT, and GE 
Signa 1.5-T MR. Wide variety of ultrasound ex- 
aminations include abdominal, Doppler, OB-GYN, 
smali parts, and neonatal head. Prefer candidate 
with prior fellowship in sectional imaging or ultra- 
sound. Responsibilities include clinical practice, 
teaching, and research. Piease send CV to Elias 
Kazam, M.D., Dept. of Radiology, The New York 
Hospital-Cornell Medical Center, 525 E, 68th St., 
New York, NY 10021. 12-1a 


BOARD-CERTIFIED OR -ELIGIBLE DIAGNOSTIC 
RADIOLOGIST to be part of a 3-person imaging- 
center staff and outpatient specialty clinic in 
Tacoma, WA. The radiology staff of this specialty 
center is associated with the larger radiology 
dept. in hospitals operated by Group Health Co- 
operative of Puget Sound in Seattle and Red- 
mond, WA. The practice consists of responsibility 
in ultrasound, nuclear medicine, GI fluoroscopy, 
mammography, outpatient CT, and diagnostic X- 
ray. For further details please contact Director of 
Medical Staff Personnel, Group Health Cooperative 
of Puget Sound, 521 Wall St., Seattle, WA 98121; 
(206) 448-6550. 12-3a 


GENERAL RADIOLOGIST with training in ali 
phases of diagnostic and invasive radiology is be- 
ing recruited by a 6-doctor group of radiologists 
in northeastern Connecticut. The practice in- 
cludes 3 offices and a small progressive hospital. 
The hospital currently offers a fuli range of ser- 
vices including nuclear medicine, ultrasound, CT 
unit, a mobile MRI, new 1-day surgical center 
recently completed, regional dialysis center, and 
a busy outpatient dept. Send CV to Jonathan 
Berger, M.D., 142 Echo Dr., Vernon, CT 06066. 12a 


BC/DIAGNOSTIC RADIOLOGIST—Special train- 
ing in MR and/or ultrasound required. Busy 
hospital and office practice in Washington D.C. 
Suburbs. Early partnership. Available July 1, 1988. 
Reply Box B62, AJR (see address this section). 
12~2a 


BOARD-CERTIFIED DIAGNOSTIC RADIOLO- 
GiST—university trained with experience in CT, 
nuclear medicine, ultrasound, and mammography 
for free-standing imaging center in major city in 
the Southwest. State-of-the-art equipment with 
MR planned. No call. Salary leading to partner- 
Ship. Send CV to Box B72, AJR (see address this 
section). 12-1a 


RADIOLOGIST—Excelient opportunity. Seeking 
board-certified radiologist, preferably with cross- 
Sectional imaging expertise, to join a large, 
private-practice group covering 3 hospitals and 
a newly built Diagnostic Center in eastern North 
Carolina. Excellent benefits and salary. Two years 
to partnership. Reply Box B64, AJR (see address 
this section). 12-1a 


ROSWELL PARK MEMORIAL INSTITUTE seeks 
candidates for clinical staff positions in the Dept. 
of Diagnostic Radiology. Successful candidates 
will participate in ongoing diagnostic radiology 
programs. Must have a license to practice in New 
York state, have board certification in appropriate 
Specialty, demonstrated ability in clinical research 
projects, and academic credentials sufficient to 
apply for appointment to the faculty of the Schoo! 
of Medicine, SUNY at Buffalo. Apply by sending 
CV to Andrew A. Gage, M.D., Deputy Director 
Cancer Institute, Roswell Park Memorial Institute, 
666 Elm St., Buffalo, NY 14263. An affirmative ac- 
tion/equal opportunity employer. 12a 


INTERVENTIONAL RADIOLOGIST WANTED— 
Radiology Associates of Albuquerque, PA., an 
11-physician organization serving 3 major metro- 
politan hospital facilities, has an opening for an 
interventional radiologist. Fellowship training or 
equivalent postgraduate experience is required. 
CT and ultrasound interpretation also necessary. 
MRI experience a plus, but not mandatory. Prac- 
tice is located in Albuquerque, NM. Climate and 
facilities are outstanding. Qualified applicants 
may apply by sending CV and references to Radi- 
ology Associates of Albuquerque, PA., 4001 in- 
dian School Rd., NE, Ste. 300, Albuquerque, NM 
87110. Attn: Medical Director. 12~1a 


DIAGNOSTIC RADIOLOGIST to join expanding 
private radiology group in Tampa Bay area. All 
modalities including MRI and SPECT. Board cer- 
tification or additional training in nuclear medicine 
desirable. Send CV to Box B74, AJR (see address 
this section). 12-2a 


GENERAL DIAGNOSTIC RADIOLOGIST WITH 
INTEREST IN CHEST RADIOLOGY—Diagnostic 
radiologist with training or experience in MRI. Two 
positions available on Jan. 1, 1988, to complete 
Staffing for the new VA Medical Center in Min- 
neapolis, MN. Dept. includes MRI, CT, cyclotron 
with PET scanner, interventional vascular suite, 
neuroradiology suite, mammography, plus more. 
Affiliated with the University of Minnesota with 
non-tenure-tract appointment available at appro- 
priate level. Research and teaching opportunities 
available. Board certification mandatory for both 
positions. One-yr fellowship training or equivalent 
experience in chest radiology and MRI desirable. 
Send letters of inquiry with CV to Donovan B. 
Reinke, M.D., Chief of Diagnostic Radiology 
Service—114, VA Medical Center, 54th St. and 
48th Ave. S., Minneapolis, MN 55417. EOE. 12-24 


DIAGNOSTIC RADIOLOGIST—Immediate open- 
ing for a board-certified radiologist. Practice in- 
cludes CT, ultrasound, and myelography. Compet- 
itive salary, may lead to full partnership. Ample 
vacation and meeting time. Please include CV 
with letter of inquiry. Reply to Box 81, AJR (see 
address this section). 12~1a 


NEURORADIOLOGIST, DENVER, CO—Western 
Radiologists, PC., a group of 10-diagnostic radiol- 
ogists engaged in a predominantly hospital-based 
practice, is seeking an additional member on or 
about July 1, 1988. The new member should have 
fellowship training and/or additional experience 
beyond the residency level in neuroradiology, 
MRI, and angiography. The group provides diag- 
nostic radiology services for Saint Joseph Hospi- 
tal, a 565-bed tertiary care teaching hospital, a 
Clinic, and 2 offices. The radiology dept. within the 
hospital includes state-of-the-art equipment in all 
imaging modalities. Salary, benefits, vacation 
time, and time to partnership are all competitive 
for the Rocky Mountain region. Additional infor- 
mation is available upon request. Interested par- 
ties should send their CV to Kim 1. McMillin, M.D., 
Dept. of Diagnostic Imaging, Saint Joseph Hospi- 
tal, 1835 Franklin St., Denver, CO 80218. 12-2a 


NORTHWEST OPPORTUNITY-—Board-certified 
diagnostic radiologist to join group of 4 at busy 
160-bed hospital and private-office practice. 
Minimum requirements include competence in 
angiography, CT, and ultrasound. Some limited in- 
terventional skills are desirabie. Prefer university- 
trained applicant with imaging fellowship. Ex- 
cellent benefits and early partnership. Community 
of 60,000 located on the Columbia River in the 
beautiful Pacific Northwest 1 hr from Portland, 
OR. Send CV and inquiries to Michael L. Hanslits, 
M.D., Longview Radiologists, 1020 11th Ave., 
Longview, WA 98632. 12-—1a 

CHIEF RADIOLOGIST AND STAFF RADIOLO- 
GIST POSITION—The VA Medical Center, Bay 
Pines, FL, affiliated with the University of South 
Florida, School of Medicine, is currently accept- 
ing applications for chief radiologist and staff 
radiologist. The medical center is located on the 
beautiful west coast of Florida, only min from the 
Gulf of Mexico. Individuals should be board cer- 
tified with clinical skills as follows: angiography, 
CT scanning, and special procedures. Individuals 
should contact O. Michael Lilien, M.D., Chief of 
Staff, (813) 398-9302. An equal opportunity 
employer. 12a 


BOARD-CERTIFIED DIAGNOSTIC RADIOL- 
OGIST with subspecialty in cross-sectional imag- 
ing (CT/ultrasound) to join established 7-man 
group at 500-bed, acute-care, medical-school— 
affiliated hospital in New York City. Well-equipped 
modern dept. with all imaging modalities (MRI in 
Summer of 1989), pius nearby private office. 
Minimum of 1-yr fellowship in cross-sectional im- 
aging (CT/ultrasound) required. Postfellowship ex- 
perience in cross-sectional imaging at a university 
center would be desirable. Reply Box 885, AJR 
(see address this section). 12xa 


AJR: 149, December 1987 


DIAGNOSTIC RADIDLOGIST, PART - TIME, PHIL- 
ADELPHIA AREA—Ten-man radiology group 
seeking BC/BE diagnostic radiologist with skills 
in ultrasound end CT for approximately 20-hr wk 
in hospital/office practice to start as soon as 
possible. Write Box B83, AJA (see address this 
section). 12a 


CROSS-SECHIOMAL IMAGING/INTERVEN- 
TIONALIST PACIFC NORTHWEST—Group of 8 
radiologists with bcth office and hospital practice 
seeking new associate. Postresidency training in 
cross-sectional imaging including MRI, CT, and 
ultrasound, or streng interventional skills are 
essential. Strong general radiology knowledge is 
also a prerequisite Please submit CV to L. Paul 
Wilson, M.D., 377 =. 12th, Ste. 110, Eugene, OR 
97401. 12a 


MRI RADIOLOGIST—The Dept. of Radiology of 
St. Luke’s—Roesevelt Hospital Center in New York 
City is seeking Æ radiologist with experience 
beyond fellowship in body MRI. A strong interest 
in clinical teaching and research, as well as in 
patient care, is required. Acacemic rank depends 
on qualifications. The hospital is a 1315-bed, 
voluntary universi® hospital of Columbia Univer- 
sity College o' Physicians & Surgeons. Send in- 
quiries with a CV to Ronald C. Ablow, M.D., Dept. 
of Radiology, SLFHC, Amsterdam Ave. & 114th 
St., New York. N¥ 10025. An equal opportunity 
employer. 12—1a 


DIAGNOSTIC RADIOLOGIST—The Dept. of 
Radiology of St Luke’s—Roosevelt Hospital 
Center in New Yerk City is seeking a general 
radiologist with expertise in CT and ultrasound. 
The hospital s a 1315-bed, voluntary university 
hospital of Cotumfiia University College of Physi- 
cians & Surgeons. Academic rank depends on 
qualifications anc expertise. Excellent facilities 
and remuneratior Please send inquiries with a 
CV to Ronald ©. Ablow, M.D., Dept. of Radiology, 
SLRHC, Amsierdam Ave. & 114th St., New York, 
NY 10025. Amequal opportunity employer. 12-1a 


BOARD-CERT™ IFIED RADIOLOGIST needed im- 
mediately to work in Ft. Lauderdale area hospital 
and private office n Boca-Raton. Current practice 
includes CT, nuctsar medicine, ultrasound, inter- 
ventional mammagraphy, and pediatrics. Compe- 
titive starting sa@ary with partnership in 3 yr. 
Should have Flerida license. Contact David 
Wagner, Administrator; (305) 344-9990. 12-2a 


POSITION AVAILABLE FOR BC/BE RADIOLO- 
GIST in busy practice with drawing area of 45,000. 
No angiography. =arly partnership. Please reply 
Box B76, AJR (se address this section). 12ap 


RADIOLOGIST—Dpening for board-certified or 
board-eligible diagnostic radiologist in large 
private practice with 3 hospitals and 3 outpatient 
facilities. Fellowship or practice experience 
preferred. Requiwes all aspects of diagnostic 
radiology ineluding angiography/interventional 
and MRI. Metropelitan Northeast close to Phila- 
delphia, Princeten, and New York City. Full- or 
part-time. Send ©V with references. Reply Box 
B78, AJR (sæ acdress this section). 12-1a 


OAKLAND, CA—General diagnostic radiologist 
to start Jan. or as soon as possible there- 
after. Special interest or expertise in cross-sectional 
imaging helptul. Mo nuclear medicine. Join 6-man 
group in County Bospital, Trauma Center, 15 min 
from downtown San Francisco. 55,000 exams 
annually. Well-ecuipped dept. Partnership after 
2 yr. California license required. Contact Leslie 
Preger, M.D.. Rastiology Dept., Highland General 
Hospital, 1471 E 31st St., Oakland, CA 94602; 
(415) 534-8055, ext. 42304. 12ap 


BOARD-CERTIFIED RADIOLOGIST to join 
5-man group. 50@ specials. Private offices and 
2 hospitals, all im the city. Generous salary and 
benefits. Fullparimership in 2 yr. GE 9800, Biplane 
Philips with DSA.Acuson, SPECT, and MRI soon. 
Please reply ASAP to G.M. Ebersole, M.D., 
333 E. Fifth St., Jamestown, NY 14701; 
(716) 664-9731. 71-12a 


CLASSIFIED ADVERTISEMENTS 


RADIOLOGIST wanted to head dept. in 75-bed 
hospital. Experience and expertise in general 
radiography, mammography, ultrasound, CT, and 
nuclear medicine are required. Prosperous small 
town in central Wisconsin, affilitated with a major 
medical center. Excellent salary and fringe bene- 
fits. Interested parties should contact Mr. David 
Draves, Marshfield Clinic, 1000 N. Oak Ave., 
Marshfield, WI 54449; (715) 387-5376. 12a 


DIAGNOSTIC RADIOLOGIST to work with a 
group covering both hospital and private practice. 
CT, ultrasound, and angiography. 1 hr from 
Boston. Please reply to Box B66, AJR (see ad- 
dress this section). 12-1ap 


DIAGNOSTIC RADIOLOGIST, SAN DIEGO 
AREA—Established 3-person radiology group 
has immediate opening for a board-certified radi- 
ologist with experience in nuclear medicine, mam- 
mography, angiography, ultrasound, CT, MRI, and 
some interventional radiology. Busy hospital and 
clinic practice. Salary leading to partnership. 
California license required. Reply with CV to 
Thomas G. Brault, M.D., Paradise Valley Radi- 
ology Medical Group, 2400 E. Fourth St., National 
City, CA 92050; (619) 470-4190. 12-lap 


CHAIRPERSON, DEPT. OF DIAGNOSTIC RADI- 
OLOGY AND NUCLEAR MEDICINE—Rush- 
Presbyterian-St. Luke’s Medical Center in 
Chicago invites applications for the position of 
chairperson of the Dept. of Diagnostic Radiology 
and Nuclear Medicine. Applicants must be certi- 
fied by the American Board of Radiology and 
have substantial academic and administrative 
credentials. Please send inquiries and CV to 
Charles M. D’Angelo, M.D., Dept. of Neurological 
Surgery, Rush-Presbyterian—St. Luke’s Medical 
Center, 1725 W. Harrison St., Chicago, IL 60612. 
Rush University is an equal opportunity/affirma- 
tive action employer. 12-1a 


NEW ENGLAND—TIwo positions for BC/BE 
diagnostic radiologists with interest and expertise 
in ultrasound, CT, and mammography to join cur- 
rent, 4-member, office-practice radiology dept. of 
large, rapidly expanding, multispecialty, prepaid, 
and FFS practice. Positions available Jan. 1988 
and July 1988. Competitive compensation and 
benefits. Send CV to Ivan R. Green, M.D., Chair- 
man, Dept. of Radiology, Fallon Clinic, 630 Plan- 
tation St., Worcester, MA 01605. 12-2a 


SEEKING A SECOND, FULL-TIME, TENURED- 
LINE, ACADEMIC NEURORADIOLOGIST with 
an opportunity to participate in a developing 
world-class MRI facility at the University of Ken- 
tucky. Busy neuroradiology division with 1536 
total neuro procedures (596 angiograms and 940 
myelograms), 7346 neuro CT scans, and 1172 
neuro MRI scans last yr, including 378 head ultra- 
sounds and intraoperative neuro ultrasound. Ex- 
cellent equipment with 3 fourth-generation CT 
scanners, new (6-mo-old) neuroangiographic 
Suite with full imaging capability including state- 
of-the-art DSA, 2 myelographic suites, 0.15-T 
resistive MRI (second unit, a 1.5-T superconduc- 
tive MRI, to be installed early spring 1988), and 
potential for significant participation in MRI spec- 
troscopic unit already in place (4.7-T Bruker unit). 
A world-class MRI facility will be built in 2-3 yr 
with excellent opportunity for spectroscopic 
research. The University is very strong in neuro- 
sciences with excellent neurology and neuro- 
surgery departments, and an Aging Research 
Center with emphasis on Alzheimer research. Ex- 
ceptional academic opportunities with excellent 
academic salary. For details write (include CV) or 
call C. Lee, M.D. (member ASNR), (606) 233-6155; 
or H.D. Rosenbaum, M.D. (Chairman of Diagnos- 
tic Radiology), (606) 233-8088: Dept. of Radi- 
ology, University of Kentucky Medical Center, 
Lexington, KY 40536. 12-3a 


DIAGNOSTIC RADIOLOGIST—Immediate open- 
ing in Tampa, FL. Board certification and Florida 
license required. All modalities including MRI. At- 
tractive benefits. Call (813) 875-2818. 10-12a 
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BONE RADIOLOGIST—The Dept. of Radiology of 
St. Luke’s—Roosevelt Hospital Center in New York 
City is seeking a radiologist with special experi- 
ence and/or training in skeletal radiology. A strong 
interest in clinical teaching and research, as well 
as in patient care, is required. Academic rank 
depends on qualifications and experience. Excel- 
lent facilities and remuneration. The hospital is 
a 1315-bed, voluntary university hospital of Col- 
umbia University College of Physicians & Sur- 
geons, New York City. Please send inquiries with 
a CV to Ronald C. Ablow, M.D., Dept. of Radi- 
ology, SLRHC, Amsterdam Ave. & 114th St., New 
York, NY 10025. An equal opportunity employer. 
12-1a 


CHEST RADIOLOGIST—The Dept. of Radiology 
of St. Luke’s—Roosevelt Hospital Center in New 
York City is seeking a radiologist with special ex- 
perience and/or training in thoracic imaging. A 
strong interest in clinical teaching and research, 
as well as in patient care, is required. Academic 
rank will depend on qualifications and experience. 
The dept. offers excellent facilities and remunera- 
tion. The hospital is a 1315-bed, voluntary univer- 
sity hospital of Columbia University College of 
Physicians & Surgeons. Send inquiries with a CV 
to Ronald C. Ablow, M.D., Dept. cf Radiology, 
SLRHC, Amsterdam Ave. & 114th St., New York, 
NY 10025. An equal opportunity employer. 12-1a 


BOARD-CERTIFIED DIAGNOSTIC RADIOLOGIST 
to join multispecialty private corporation with a 
well-equipped X-ray area, dedicated mammo- 
graphy, nuclear medicine, high-resolution real- 
time ultrasound, and whole-body CAT scanner. 
Send CV and reply to Administrator, Johnson 
Clinic, PC., P.O. Box 315, Rugby, ND 58368. 12-1a 


DIAGNOSTIC RADIOLOGIST—Excellent oppor- 
tunity for a board-eligible or board-certified 
radiologist to join a 9-member group in New 
Orleans, LA. The candidate must have training 
and an interest in all areas of diagnostic radiology. 
Experience in MRI required. Please submit CV 
to Harold R. Neitzschman, M.D., 4400 General 
Meyer Ave., Ste. 211, New Orleans, LA 70131; 
(504) 368-5074. 11-1ap 


FULL-TIME ORTHOPEDIC RADIOLOGIST to join 
an active orthopedic radiology service; expected 
to help optimize clinical-care delivery, assist in 
teaching residents, and help develop a more ac- 
tive orthopedic-interventional and MRI service. 
Entry rank as assistant professor, tenure track. 
Time partitioning of 55% orthopedic radiology, 
20% chest and breast imaging, and 25% 
academic time. Must have completed an or- 
thopedic radiology fellowship or have worked 2 
yr primarily as an orthopedic radiologist. 
American Board of Radiology certification re- 
quired. Deadline is Dec. 1, 1987. Applications sub- 
mitted after the deadline may be considered if no 
qualified candidates have applied by the dead- 
line. AA/EOE employer. Please reply to Univer- 
sity of Utah, Dept. of Radiology, Salt Lake City, 
UT 84112. 11-1a 


GENERAL DIAGNOSTIC RADIOLOGIST AND A 
BODY CT/ULTRASOUND RADIOLOGIST with 
an opportunity to participate in a developing 
world-class MRI facility. The University of Ken- 
tucky Medical Center is seeking an additional 
staff member who will have virtually full-time 
responsibilities in body cross-sectional radiology. 
Excellent equipment, including 3 fourth- 
generation CT scanners. The position also in- 
cludes a potential for significant participation in 
the clinical and research activities of a superb, 
markedly expanded MRI and spectroscopy facili- 
ty. We are also seeking an additional radiologist 
with duties in conventional diagnostic procedures. 
Both positions have exceptional academic oppor- 
tunities with remuneration far above average for 
University hospitals. For details call (606) 
233-8088 or write (include CV) to H.D. Rosen- 
baum, M.D., Chairman of Diagnostic Radiology, 
University of Kentucky Medical Center, Lexington, 
KY 40536. 11-4a 
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DIAGNOSTIC RADIOLOGIST, university trained, 
to join established group of 4 in a beautiful town 
in northern IL. A 432-bed community hospital with 
major teaching affiliation with University of Illinois 
College of Medicine at Rockford. Growing prac- 
tice, state-of-the-art in all modalities including 
MRI. Fellowship a plus but not essential. Position 
available ASAP. Please send CV to WJ. Marx, 
M.D., PO. Box 4205, Rockford, IL 61110. 11-1a 


THOMAS JEFFERSON UNIVERSITY HOSPI- 
TAL—Iwo academically-oriented staff radiologists 
are sought for positions in a dynamic Dept. of 
Radiology, now in a rebuilding phase. (1) General 
diagnostic radiologist. This individual will cover 
a broad spectrum of diagnostic areas including 
chest, bone, GI, GU, and breast imaging. One or 
more of these areas can be emphasized accord- 
ing to individual interests. (2) Ultrasound 
radiologist. This individual will join one of the 
largest and most active ultrasound divisions in the 
world and will participate in the full range of 
diagnostic and interventional ultrasound studies. 
Some general diagnostic responsibilities also 
may be included. Candidates should be board 
certified or eligible and have interests in clinical 
radiology, teaching, and research. Please send 
CV to Robert Steiner, M.D., Co-Director, General 
Diagnostic Division; Barry Goldberg, M.D., Direc- 
tor, Division of Ultrasound; or David Levin, M.D, 
Chairman, Dept. of Radiology, Thomas Jefferson 
University Hospital, Philadelphia, PA 19107. 
Thomas Jefferson University Hospital is an Equal 
Opportunity/Affirmative Action Employer. 11-2a 


NEURORADIOLOGIST—Board-certified diagnos- 
tic radiologist with formal neuroradiology training 
to join well-established, 7-member private-practice 
group. Should have strong background in neuro- 
radiology and MRI. Additional training in head and 
neck radiology helpful. Successful candidate will 
direct neuroradiology and MRI services at active, 
470-bed referral hospital. New 1.5-T Siemens MRI 
and CT outpatient facility planned for completion 
July 1988. Must be competent and willing to per- 
form general radiology as well. Contact Mark H. 
Wholey, M.D., Chairman, Dept. of Diagnostic Im- 
aging, Shadyside Hospital, Pittsburgh, PA 15232: 
(412) 622-2083. 11-12a 


PRIVATE GROUP SEEKS BOARD-CERTIFIED/ 
ELIGIBLE RADIOLOGIST—Excellent Salary and 
benefits. Near Chicago. Reply with CV to Box A36, 
AJR (see address this section). 11-1a 


ANGIOGRAPHY /INTERVENTIONAL RADIOLO- 
GIST—Board-certified radiologist with fellowship 
training in angiography/interventional radiology 
for position beginning July 1, 1988. Angiography/ 
Interventional Radiology is an advanced, active 
section with state-of-the-art equipment and em- 
phasis on interventional procedures. 612-bed 
teaching hospital. Radiology group is an academ- 
ically-oriented private practice. Send inquiries to 
Harvey L. Neiman, M.D., Chairman, Dept. of 
Radiology, The Western Pennsylvania Hospital, 
4800 Friendship Ave., Pittsburgh, PA 15224. 11-1a 


AGGRESSIVE DIAGNOSTIC RADIOLOGY 
GROUP is in need of new associate approxi- 
mately January to July 1989. Must be board cer- 
tified to become partner. Would prefer multi- 
talented background including interventional 
radiology, nuclear medicine, ultrasound, CT, and 
MRI experience. Ability to speak Spanish helpful 
but not required. Our group covers 4 hospitals in- 
cluding regional trauma center and 2 offices. 
Located in The Sparkling City by the Sea. Kindly 
send CV to Donald R. Brieger, M.D., or R.P. 
Chepey, M.D., 2481 Morgan, P.O. Box 5608, 
Corpus Christi, TX 78405. 11-2a 


BC/BE DIAGNOSTIC RADIOLOGIST—Busy 
hospital and office practice. All D.R. skills 
necessary. Florida license, amicable, and non- 
smoker. Stimulating practice and great beach- 
area lifestyle. Seeking right person for established 
6-member practice. Send CV and photo to J.G. 
Arterburn, M.D., C/O R.A. Castillo, M.D., and 
Assoc., P.A., 1609 Pasadena Ave. S., St. Peters- 
burg, FL 33707. 11-1ap 


CLASSIFIED ADVERTISEMENTS 


FORT MORGAN, NORTHEAST COLORADO 
COMMUNITY serving 25,000, seeks BC 
radiologist for hospital-based solo practice. 
Nuclear medicine, ultrasound, mammography, 
and angiography. Generous practice assistance. 
Contact PROSEARCH, 305 NE 102nd Ave., Port- 
land, OR 97220; (503) 256-2070. 11-2a 


INTERVENTIONAL RADIOLOGIST—Position 
available at the University of Rochester Medical 
Center Strong Memorial Hospital, a 750-bed ter- 
tiary care facility. An appointment as assistant pro- 
fessor or higher is available at a level appropriate 
to experience. One-yr fellowship training or 
equivalent experience is required. Research and 
teaching opportunities are available in a strong 
academic dept. with state-of-the-art equipment. 
Send letters of inquiry to Robert E. O'Mara, M.D., 
Acting Chairman, Diagnostic Radiology, Box 648, 
University of Rochester Medical Center, 
Rochester, NY 14642. EO/AA/M-F employer. 
11-1a 


VASCULAR/INTERVENTIONAL RADIOLO- 
GISTS—University hospital offers full-time staff 
position at assistant to associate professor level 
for vascular/interventional radiologist. Vascular 
MRI and research opportunities included. Please 
contact Klemens H. Barth, M.D., Director, Division 
of Vascular/Interventional Radiology, Georgetown 
University Hospital, 3800 Reservoir Rd., N.W., 
Washington, DC 20007; (202) 625-2891. Affir- 
mative action/equal opportunity employer. 11-2a 


DIAGNOSTIC RADIOLOGIST BC/BE to join 
8-member group in this growing practice and 
community. Position allows participation in all 
modalities including MRI. Contact Edward J. 
Chesna, M.D., 703 N. East St., Bloomington, IL 
61701; (309) 829-9473. 11-1a 


LARGE (28 RADIOLOGISTS), GROWING, 
WELL-DIVERSIFIED GROUP IN COLUMBUS, 
OH seeks an additional radiologist, well-trained 
in general diagnostic radiology, with additional 
training in nuclear medicine. Position leads to full 
partnership without buy-in expense. Send CV to 
Patrick Cain, M.D., 4040 Longhill Rd., Columbus, 
OH 43220. 11-1a 


GENERAL RADIOLOGIST—Progressive 15- 
member group needs additional radiologist for 
hospital and office-based practice that serves part 
of a southwestern community with approximately 
one-half million population. Position requires 
board certification. Training and/or experience in 
mammography, CT, ultrasound, and nuclear 
medicine is also needed. Contact Tulsa Radiology 
Associates, Inc., PO. Box 4939, Tulsa, OK 74159. 
11-1a 


RADIOLOGISTS—University of California, San 
Francisco-Fresno campus, seeks 4 diagnostic 
radiologists for Valley Medical Center of Fresno. 
The positions are general radiologist, radiologist 
with special interest in CT and ultrasound, and 
neuroradiologist with special interest in nuclear 
medicine. Applicants must be either board cer- 
tified or eligible by the ACR. Valley Medical Center 
is a 417-bed, acute care hospital with University- 
affiliated residency and medical-student training 
programs in all major specialities, including 
radiology. Applicants should be interested in par- 
ticipating in an active residency program. Fresno 
offers enjoyable and affordable living in central 
California. Please address inquiries and CV to 
Malcolm F. Anderson, M.D., Chairman, Search 
Committee, CCFMG, 2212 N. Winery, #130, 
Fresno, CA 93703; (209) 228-5317 or (209) 
453-5058. Equal opportunity employer. 11-12a 


FULL-TIME, PART-TIME, OR LOCUM TENENS 
(LEADING TO PERMANENT) office/hospital- 
based position in south Texas urban community. 
Board certification, friendly attitude, good train- 
ing, motivation, and Texas license required. 
General radiology practice with fluoroscopy, 
mammography, nuclear medicine, sonography, 
CT, and limited MRI. Comfortable hours and 
remuneration with potential to expand. Reply Box 
W60, AJR (see address this section). 11xa 


AJR: 149, December 1987 


BOARD-CERTIFIED RADIOLOGIST—5-man group, 
in deep South, seeks associate for position 
leading to partnership. Group serves a full- 
modality clinic with GE-MRI, CT, nuclear medi- 
cine, and ultrasound and a 300+ bed tertiary 
Care hospital and 2 small feeder hospitals. Indi- 
vidual must possess above-average skills in 
general radiology, ultrasound, CT, and nuclear 
medicine. Angiography and MR desirable but 
not essential. Fellowship or demonstrated sub- 
Specialty interest and skills a plus. Send CV and 
3 suitable references to Box Y53, AJR (see ad- 
dress this section). 10-12a 


BOARD-CERTIFIED RADIOLOGIST—Expanding, 
multistate, midwestern group, practicing in 
hospitals, clinics, and imaging centers, seeks 
board-certified radiologist. Progressive individuals 
with general diagnostic and MRI background 
preferred. Excellent benefit program. Send CV to 
Guy Syvertsen, M.D., Senior Vice-President, 
Radiology Consulting Associates, 30680 Bain- 
bridge Rd., Solon, OH 44139. 10-12a 


PARTNER DESIRED—Board-certified/eligible 
radiologist to share hospital and office practice. 
Must enjoy general radiology, mammography, 
nuclear medicine, ultrasound, and CT. Hands-on 
experience in real-time ultrasound helpful. Ex- 
cellent salary and benefits. Early partnership. Will 
consider longer term locums. Send CV to Radi- 
ology, 5681 N. Fresno St., Fresno, CA 93710. 
11-12a 


NEURORADIOLOGIST—Opening for experienced 
neuroradiologist with fellowship training to join 
partnership of 4 radiologists in outpatient office 
and 200-bed general hospital. MR experience 
essential. Currently considering MRI addition to 
be operational in 12 mo. Practice is in Coeur d’ 
Alene, ID. Beautiful recreational, fishing, and 
hunting facilities. Excellent Opportunity for 
university-trained radiologist seeking full, private- 
practice partnership situation. Send letters of in- 
quiry with CV to Richard Hehn, M.D., Radiology 
Associates of North Idaho, 1104 Ironwood Dr., 
Coeur d’ Alene, ID 83814. 11-12ap 


FULL-TIME JUNIOR FACULTY POSITION IN 
NEURORADIOLOGY SECTION for person with 
primary interest and expertise in surgical (in- 
terventional) neuroradiology, and secondary in- 
terest in general neuroradiology. Must have 
completed 2-yr fellowship in neuroradiology. Posi- 
tion covers both UUMC and VAMC on rotational 
basis with 3 other full-time neuroradiologists. In- 
dividual would become Director of Surgical 
Neuroradiology with specific charge to develop 
in-house and intermountain area outreach pro- 
gram in interventional neuroangiography. Dead- 
line is Dec. 1, 1987. Applications submitted after 
the deadline may be considered if no qualified 
Candidates have applied by the deadline. AA/EOE 
employer. Please reply to University of Utah, 
Neuroradiology Section, Salt Lake City, UT 84112. 
11-1a 


BOARD-CERTIFIED DIAGNOSTIC RADIOLOGIST 
to join multispecialty private corporation with a 
well-equipped X-ray area, dedicated mammog- 
raphy, nuclear medicine, high-resolution real-time 
ultrasound, and whole-body CAT scanner. Send 
CV and reply to Administrator, Johnson Clinic, 
P.C., P.O. Box 315, Rugby, ND 58368. 12-1a 


DIAGNOSTIC RADIOLOGIST—Immediate open- 
ing. Interventional and special procedures exper- 
tise preferred. Training in CT, MR, ultrasound, and 
nuclear medicine welcome. Group practice in 
greater Chicago area. For more information write 
or call Leon E. Kinasiewicz, M.D., St. Anthony 
Medical Ctr., Main at Franciscan Rd., Crown 
Point, IN 46307; (219) 738-2100. 10-12a 


BC/BE RADIOLOGIST—Immediate opportunity 
available to join 6-member group. All modalities 
present. Group services 2 hospitals and has 2 
offices in south Florida, East Coast. Interventional 
fellowship would be beneficial. David Harr, M.D., 
1845 Tarpon Ln., G-101, Vero Beach, FL 32960. 
10-12a 


AJR: 149, December 1987 


BOARD-CERMFIED RADIOLOGIST with fellow- 
ship training in nuclear medicine for position 
beginning July 1, 1988. Nuclear medicine is an 
advanced, active section with emphasis on state- 
of-the-art equipment in cardiac nuclear medicine. 
612-bed teaching hospita!. Radiology group is an 
academically oriented private practice. Send in- 
quiries to Stanley Grossman, M.D., Chief, Nuclear 
Medicine Section, Dept. of Radiology, The 
Western Pennsylvania Hospital, 4800 Friendship 
Ave., Pittsburgh, PA 15224. 10-12a 


THE UNIVERSITY OF ARIZONA, DEPT. OF 
RADIOLOGY is recruiting a Section Head of 
Thoracic Radiology and abdominal imaging 
radiologist for the University Medical Center and 
a General Radiologist for the VA Medical Center. 
Candidates shouid be trained in appropriate im- 
aging modalities and invasive techniques, and in- 
terested in teaching and research. Income and 
academic rank are negotiable. The University of 
Arizona is an affirmative action/equal opportunity 
employer. Contaet Bruce J. Hillman, M.D., Vice- 
Chairman, Dept. of Radiology, University of 
Arizona Health Sciences Center, Tucson, AZ 
85724; (602) 626-7368. 9-2a 


RADIOLOGIST—A board-certified/board-eligible 
radiologist with experience is needed to join the 
staff of the Alaska Native Medical Center, a 
170-bed referral facility for a state-wide system of 
Indian Health Service hospitals and clinics. Prac- 
tice stimulating and challenging radiology in a 
relaxed and casual atmosphere. State-of-the-art 
in-house CT, sonography, and mammography. 
Send CV to W. M. Cox, M.D., P.O. Box 10-7741, 
Anchorage, AK 99510-7741. EOE. 9-2a 


NEURORADIOLOGIST—Applications are being 
sought for a neuroraciologist for a 560-bed 
teaching hospital/private office. New 1.5-T MRI 
unit soon to be operational. Candidate should be 
board certified preferably with 2 yr of neurora- 
diology fellowship. Training in MR, CT, angi- 
ography, and myelography necessary. Send 
current CV toR. William McConnell, M.D., Chair- 
man, Dept. of Radiology, Number 9, Doctor's 
Park, Greenville, NC 27834. 7-12a 


Positions Desired 


SEEKING POSITION—Diagnostic radiologist. 
Licensed in California, Michigan, and Kentucky. 
Will consider other sites. Reply Box B70, AJR (see 
address this seetion). 12b 


RADIOLOGIST, ABR-certified seeks full-time or 
regular part-time position (i.e., every other month 
or similar arrangement). Prefer town of less than 
100,000. Experienced in all modalities except MRI. 
Available January 1988. Reply Box A44, AJR (see 
address this section). 11-1b 


Fellowships and Residencies 


FELLOWSHIP IN DIAGNOSTIC IMAGING (MRI, 
US, CT)—Fellowship available July 1988 at 
Rhode Island Hospital, a major affiliate of Brown 
University Medical School. The radiology staff 
serves this 715-bed general hospital and a 
200-bed lying-in hospital. Over 190,000 examina- 
tions are perfermed yearly. The fellowship will em- 
phasize MRI, ultrasonography, and CT, along with 
associated interventional procedures. A busy 
mammography area is included. Send inquiries 
to Daniel J. Ranson, M.D., Radiologist-in-Chief, 
Dept. of Diagnostic Radiology, Rhode Island 
Hospital, 593*Eddy St., Providence, RI 02902. 12c 


PEDIATRIC RADIOLOGY FELLOWSHIP— 
Childrens Haspital of Los Angeles has an open- 
ing for a pediatric radiology fellow starting July 1, 
1988, for 1 yr Childrens Hospital of Los Angeles 
is the largest children’s hospital on the west coast. 
Applications should be sent to John L. Gwinn, 
M.D, Radiolegy Dept., Childrens Hospital of Los 
Angeles, 4650 Sunset Blvd., Los Angeles, CA 
90027. Childrens Hospital of Los Angeles is an 
equal opportunity employer. 11-12c 


CLASSIFIED ADVERTISEMENTS 


BODY IMAGING FELLOWSHIP IN CT, ULTRA- 
SOUND, AND MRI July 1, 1988—One-yr fellow- 
ship in cross-sectional body imaging available at 
The George Washington University Medical 
Center. Training in all aspects of the field are 
covered including OB/GYN, thoracoabdominal 
imaging, and clinical applications of body MRI. 
Applicants must have completed an approved 
residency program in diagnostic radiology and be 
board eligible/board certified. Send letter of in- 
quiry with CV to William W. Olmsted, M.D., The 
George Washington University Hospital, Dept. of 
Radiology, 901 23rd St., N.W., Washington, DC 
20037. Affirmative action/equal opportunity 
employer. 12c 


FELLOWSHIP, DEPT. OF RADIOLOGY—Cedars- 
Sinai Medical Center, a 1201-bed, acute-care, 
research, and teaching hospital affiliated with the 
UCLA School of Medicine, has an opening for a 
1-yr fellowship with emphasis on CT, ultrasound, 
MRI, and mammography available July 1, 1988; 
18 radiologists associated in practice in dept. with 
135 personnel. There are 104,880 inpatient and 
9120 outpatient radiologic exams per yr. Applicant 
must have completed an approved residency in 
diagnostic radiology, must be board eligible/ 
certified, and have a California state medical 
license by July 1, 1988. Send CV to N. Zheutlin, 
M.D., Dept. of Radiology, Cedars-Sinai Medical 
Center, 8700 Beverly Blvd., Los Angeles, CA 
90048. 12-2cp 


MUSCULOSKELETAL RADIOLOGY FELLOW- 
SHIP—The Dept. of Radiology, Georgetown 
University Hospital announces a new 1-yr fellow- 
ship starting July 1, 1988, in musculoskeletal 
radiology. Equipment includes a 1.5-T Siemens 
MR, a Varian 4.7-T spectral imager for animal 
research, 2 GE 9800 Quick CT scanners, and 
Acuson and ATL ultrasound units. Equipment in 
nuclear medicine includes 4 single-headed 
SPECT tomographic cameras, the revolutionary 
Triad tomographic camera, and a dual-photon den- 
sitometer. Full research and clinical experience 
opportunities in MRI, CT, MSK tumors, rheuma- 
tologic disorders, sports medicine, and trauma are 
program highlights, as well as a strong affiliation 
with the National Institutes of Health. Send CV 
to Martha C. Nelson, M.D., Division Director, 
Musculoskeletal Radiology, Georgetown Univer- 
sity Hospital, 3800 Reservoir Rd., N.W., 
Washington, DC 20007. 12-2cp 


IMAGING FELLOWSHIP offered by the University 
Hospital of Jacksonville/University of Florida Col- 
lege of Medicine beginning July 1, 1988. The Uni- 
versity Hospital is a 489-bed, acute-care hospital 
providing resident and fellowship training in most 
of the major medical disciplines including diag- 
nostic radiology. The fellowship will include rota- 
tions in CT, ultrasound, and MR designed to 
provide qualified individuals with additional 
specialized training and responsibility. Facilities 
are State-of-the-art with major additions in each 
area within the past 2 yr. Applicants must be 
board eligible or board certified in diagnostic 
radiology and should forward a CV with 3 letters 
of recommendations to Frederick Vines, M.D., 
University Hospital, Dept. of Radiology, 655 W. 
8th St., Jacksonville, FL 32209; (904) 350-6624. 
12-1c 


DEPT. OF RADIOLOGY, UNIVERSITY OF 
ROCHESTER MEDICAL CENTER—One-year 
fellowship positions available July 1, 1988, or 
July 1, 1989. Positions include neuroradiology, 
cardiovascular/angiography, ultrasound/CT/MRI, 
and pediatric radiology. Requirements include 
board eligibility or certification in diagnostic 
radiology and an accredited radiology residency. 
Candidates must be licensed or eligible to obtain 
a license to practice medicine in the state of New 
York. Apply by Dec. 1 of the year before the 
fellowship starting date. Contact Beverly P. Wood, 
M.D., Box 648, University of Rochester Medical 
Center, Rochester, NY 14642. University of 
Rochester is an affirmative action, equal oppor- 
tunity employer. 10-3c 
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INTERVENTIONAL RADIOLOGY FELLOWSHIP— 
The Rush-Presbyterian—St. Luke’s Medical 
Center is now offering a 1-yr fellowship position 
beginning July 1, 1988, in interventional radiology. 
This 750-bed teaching hospital offers extensive 
experience in all aspects of vascular and non- 
vascular procedures with a primary emphasis on 
patient care and clinical research. Send inquiries 
to Terence Matalon, M.D., Rush-Presbyterian- 
St. Luke’s Medical Center, Dept. of Radiology, 
1753 W. Congress Pkwy., Chicago, IL 60612. 11-3c 


CARDIOVASCULAR-INTERVENTIONAL RADI- 
OLOGY FELLOWSHIP—Available July 1, 1988. 
One-year fellowship program at a 750-bed teaching 
hospital. Extensive clinical experience involving 
all aspects of cardiovascular imaging, interven- 
tional vascular and nonvascular procedures, and 
availability for clinical or animal research. Send 
CV and inquiries to Oscar H. Gutierrez, M.D., 
Dept. of Radiology, Box 648, University of 
Rochester Medical Center, Rochester, NY 14642. 
EO/AA/M-F employer. 10-3c 


MAMMOGRAPHY/CHEST RADIOLOGY FEL- 
LOWSHIP—The Dept. of Radiology and Radiol- 
ogical Sciences of Vanderbilt University Medical 
Center announces the initiation of a 1-yr fellow- 
ship program combining training and opportun- 
ities for research in breast imaging and chest 
radiology. The program includes participation in 
clinical aspects of breast disease detection with 
ample opportunity to investigate radiographic- 
pathologic correlation. Additionally, MRI is avail- 
able for utilization as both a clinical and research 
tool. Applications for this fellowship position, to 
begin July 1, 1988, are invited. For further infor- 
maiton contact Richard M. Heller, M.D., or Alan 
C. Winfield, M.D., Dept. of Radiology, Vanderbilt 
University Medical Center, Nashville, TN 37232 or 
(615) 322-3747. Vanderbilt University is an affir- 
mative action, equal opportunity employer. 10-12c 


Tutorials/Courses 


AUSTRALIA-NEW ZEALAND—IMAGING DOWN 
UNDER, MARCH 12-27, 1988. International fac- 
ulty. Auckland, New Zealand, March 13-14; 
Sydney, Australia, March 18-20; and Melbourne, 
Australia, March 25-26. Information: Medical 
Seminars, 21915 Roscoe Blvd., Ste. 222, Canoga 
Park, CA 91304; (818) 719-7380. 9-2d 


Other 


RADIOLOGY OFFICE for lease/sale/joint venture. 
Booming southeastern Florida coast hospital and 
3 medical buildings. Reply Box B68, AJR (see ad- 
dress this section). 12e 


AJR Classified 
Advertisements Information 


Box Responses and Address for 


Ad Placement 


Write Box , AJR, Suite 200, 
2223 Avenida de la Playa, La Jolla, CA 
92037; (619) 459-2229. 
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Subjects in this index are cataloged by 
body part where possible. Disease entities 
unique to a body part are listed by that part; 
other more general diseases have separate 
listing by name. Technical procedures are 
also listed by part, as appropriate. Because 
of general interest, subjects dealing with 
computed tomography, magnetic resonance 
imaging, sonography, radionuclide imaging, 
and pediatric radiology are listed under those 
headings as well as under appropriate body 
part and/or disease. 


A 


Abdomen 
acute, radiology of (b), 148:858 
appendicitis, high-resolution sonography, 149:53 
cancer management, imaging techniques, 
148:1123 
incisional hernia, CT, 148:139 
periappendiceal abscesses, percutaneous drain- 
age, CT, 149:59 
Abdominal aorta, prosthetic grafting, vascular 
complications, CT and angiography, 
148:819 
Abdominoperineal resection, urinary complica- 
tions of, CT and MRI, 149:529 
Abscess, see specific organ; region 
Acquired immune deficiency syndrome 
cytomegalovirus colitis (a), 148:656 
cytomegalovirus esophagitis in, 149:919 
focal esophageal candidiasis in (a), 148:656 
gallium-67 scans in, 149:1075 
Kaposi's sarcoma and, lung, 148:25 
malignant lymphomas in (a), 149:1073 
nonspecific interstitial pneumonitis, radiologic 
features, 149:265 
occult gastric lymphoma in, gallium-67 detection 
of, 149:305 
open lung biopsy in (a), 149:443 
Acrylic beads, antibiotic-containing, radiographic 
appearance of, 149:123 
Actinomycosis, CT findings, 149:1255 
Adenocarcinoma 
papillary, rete testis, sonography, 148:1147 
renal, CT, 148:59 
Adenoma, see specific site 
Adenomatous polyposis coli, occult radiopaque 
jaw lesions in (a), 149:1295 


Adenomyosis, uterus, sonographic findings, 
148:765 
Adrenal gland 
myelolipoma, fine-needle aspiration diagnosis, 
148:921 
primary adrenocortical carcinoma, CT evaluation 
of, 148:531 
primary carcinoma, sonography, 148:915 
Adrenocortical carcinoma 
primary 
CT, 148:531 
sonography, 148:915 
AIDS, see Acquired immune deficiency syndrome 
Airway 
obstruction 
children, cine-CT, 148:347 
intratracheal thymus as a rare cause of, 
149:1217 
Allergy, increased reactivity to contrast material, 
coherent biochemical basis for, 149:1281 
Alpha-fetoprotein, maternal levels, screening for 
Down's syndrome in pregnancy and (a), 
149:1294 
Alzheimer’s dementia, normal aging and, MRI sig- 
nal abnormalities, 149:351 
American Journal of Roentgenology, goal to 
speed publication (e), 149:312 
American Roentgen Ray Society 
awards for distinguished service, 149:418 
categorical course in gastrointestinal radiology, 
148:114 
genitourinary imaging update, 148:124 
invitation to 1987 meeting, Miami Beach, FL, 
148:431 
1987 local activities, 148:449 
1987 meeting, Miami, FL, 148:110, 148:228, 
148:620 
1987 meeting summary, 148:455, 148:824 
1987 scientific program, 148:443 
1988 meeting, San Francisco, CA, 148:1264, 
149:208, 149:430, 149:656, 149:873 
1988 meeting summary, 149:1194 
new members, 149:424 
officers, committees, and meeting information, 


148:102, 148:252, 148:556, 148:716, 
148:958, 149:194, 149:429, 149:582, 
149:792 


presidential address, 149:415 
resident award papers, 148:952, 149:1186 
scientific exhibits, 1987, 149:422 
section on instruction, 148:433 
87th annual meeting, secretary's report, 149:420 
American Society of Neuroradiology, silver anni- 
versary, 149:572 


Amniocentesis, sonography correlation, open 
neural tube defects, midtrimester, 149:137 
Andrews, J. Robert (m), 148:964 
Anesthesia 
epidural 
interstitial emphysema with, 148:301 
soft-tissue emphysema associated with (l), 
149:859 
lidocaine, heating to decrease pain of injection (I), 
149:1291 
Angiocardiography, current status (b). 148:844 
Angiofibromas, juvenile nasopharyngeal, arterial 
embolization of, 148:209 
Angiography 
see also Venography; specific artery vein 
acute lower gastrointestinal hemorrhage (a), 
149:202 
arterial trauma, 149:613 
carotid cavernous fistulae, 149:587 
computed tomographic, mediastinum (b), 
148:1188 
diagnostic (b), 149:606 
digital subtraction, hepatic artery and vein, 
148:825 
emergency trauma, 148:1243 
gastrointestinal (b), 149:498 
intrahepatic portosystemic shunt, liver cirrhosis 
and, 149:711 
liver transplant rejection, 148:1095 


peripheral, carotid, and coronary arteries, 
149:1097 

portal hypertension, MRI correlation, 148:1109, 
148:1113 


prosthetic vascular complications, 148:819 
pulsed Doppler comparison, portal hypertension, 
149:77 
renal artery stenosis, posttransplant, children, 
148:487 
thoracic aorta and brachiocephalic arteries, pen- 
etrating injuries, 149:607 
xanthogranulomatous cholecystitis, 148:727 
Angioplasty 
laser thermal, angiographic and histologic con- 
sequences (a), 149:650 
percutaneous balloon 
cystic medial necrosis as a complication (a), 
149:202 
management of biliary calculi, 148:745 
ureteral strictures, 148:181 
percutaneous transluminal, iliofemoral artery 
stenoses (I), 149:1290 
peripheral 
outpatient, 148:1239, 148:1241 
outpatient (I), 149:1292 
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thrombosed dialysis grafts and, 149:177 
transluminal coronary, long-term follow-up (a), 
149:442 
Angiosarcoma, 
148:267 
Anorectal atresia, prenatal sonography, 149:395 
Aorta, measurement, echocardiography in utero, 
fetus, 149:1003 
Aortic arch, congenital anomalies, MRI, 149:9 
Aortic nipple, enlargement, absence of azygos vein 
and, 149:273 
Aortic root, MRI, 148:665 
Aortic valve 
calculation of area, Doppler echocardiography (a), 
148:654 
trileaflet, extreme asymmetry of (I), 148:1275 
Aortography, intraarterial digital subtraction tho- 
racic, ECG gating and hybrid subtraction for, 
149:1269 
Apnea, obstructive sleep, cine CT, 148:1069 
Appendicitis 
acute, high-resolution sonography in, 149:53 
indium-lll leukocyte imaging, 148:733 
manifestation of Crohn's disease, 149:515 
Appendix 
heterotopic excretion, IV contrast medium (I), 
149:647 
obstructed, rabbit, radiography, sonography, and 
CT, 148:281 
ruptured, rabbit model (I), 149:206 
Ara-C, see Cytosine-arabinoside 
ARDS, see Respiratory distress syndrome, adult 
Arteriography 
carotid artery dissection, 148:393 
coronary, quantitative (b), 148:844 
digital subtraction, intraarterial carotid, ECG gat- 
ing for, 149:1265 
lower extremity, plastic-wrap restraint for (I), 
149:1082 
penile magnification, 148:883 
pulmonary, diagnosis of embolism, 149:469 
Artery, see specific artery; region 
Arthritis 
erosive, silicone-induced, 148:923 
rheumatoid, thoracic and lumbar spine (a), 
148:654 
Arthrography 
digital subtraction, 
148:344 
MR, potential contrast agents for, 149:97 
perspective, 149:561 
radiation dose, temporomandibular joint, 148:107 
shoulder, glenoid labrum variations (p), 149:963 
wrist, contrast medium and, 149:761 
Arthroplasty 
hip, pseudobursae, 148:103 
knee, bilateral and unilateral (a), 149:650 
shoulder (a), 149:1074 
total hip, postoperative dislocation due to surgical 
drain, 149:971 
Articular cartilage, defects, MRI, 148:1153 
Asbestos, malignancy (b), 148:694 
Ascaris lumbricoides, pancreatitis induced by, 
149:511 
Ascites, extension into chest, hiatal hernia, CT, 
148:31 
Aspiration cytology, MR-guided, head and neck, 
149:380 
Atheroma, percutaneous removal, wire basket in, 
149:625 
Atlantoaxial rotary subluxation, CT diagnosis, 
149:595 
Atrioventricular valve, right, atresia, MRI, 148:671 
Atrium, see Heart 
Auditory canal, internal, tumor detection with MRI, 
148:1219 
Auto seat restraint devices, soft-tissue injury and 
(I), 148:458 
Axilla, parasagittal scanning, CT table attachment 
for, 149:555 


primary, CT characteristics, 


temporomandibular joint, 
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Azotemia, urinary obstruction in, sonography, 
149:1191 

Azygos vein, congenital absence, aortic nipple en- 
largement and, 149:273 


Bacteriuria, ureteral dilatation in, children, 148:483 
Balloon occlusion technique, hepatic emboliza- 
tion, 148:626 
Barium sulfate studies 
after acute myocardial infarction, 149:63 
after biopsy or polypectomy, lesions appearing 
as rectal ulcers in, 148:285 
CT comparison, acute colonic diverticulitis diag- 
nosis, 148:541 
double-contrast studies, esophageal deviation, 
149:513 
downhill flow technique, 148:1059 
voice change after, extraperitoneal colon perfo- 
ration, 148:145 
Barrett’s esophagus, children and young adults, 
148:353 
Bile duct 
anomalous, ligated or severed, naked segment 
sign (I), 148:1060 
common, anomalous drainage, hepatobiliary im- 
aging (I), 148:230 
diameter, daytime constancy, 148:557 
radiolucency, simulating a gallstone, 148:136 
Biliary atresia, gallbladder contraction in, 149:401 
Biliary balloon dilatation, percutaneous transhe- 
patic, 149:945 
Biliary calculi 
common, dissolution with methyl tertiary butyl 
ether, 148:372 
percutaneous management, angioplasty bal- 
loons, 148:745 
Biliary drainage 
bilateral percutaneous, external-internal cross- 
connection, 149:91 
percutaneous, benign vs malignant diseases, 
148:1207 
silicone stents, 148:741 
Biliary tract 
carcinoid tumor of (a), 149:1074 
extracorporeal shock-wave, lithotripsy, 149:227 
interventional radiology (b), 149:226 
radiology (b), 149:46 
stone removal, monooctanoin infusion, 148:185 
Biopsy 
see also specific organ 
aspiration, superficial lesions, 148:623 
drainage, ultrasound-guided (b), 148:550 
fine-needle, liver hemangioma (I), 148:231 
percutaneous, guidance with CT, cervical spine, 
149:539 
postbiopsy lesions appearing as rectal ulcers, 
barium studies, 148:285 
transcystic, posterior pelvic lesions, sonography 
and CT, 149:93 
vertebral body (I), 149:1078 
Bjork-Shiley mitral valve prosthesis, strut fracture 
of, 149:699 
Blood vessels 
flow-velocity, MRI, 148:405 
quantitative phase-flow MRI, dogs, 148:411 
Bone 
see also specific bone 
basic radiology (b), 149:542 
cortical erosion, calcific tendinitis, 149:967 
disease, radiology (b), 148:880 
ectopic, CT evaluation, 148:931 
Ewing's and osteogenic sarcoma, 148:317 
marrow changes, lumbar disk disease, MRI, 
149:531 
metabolic disease, diagnosis (b), 149:108 
mineral content of, energy subtraction digital 
chest radiography, 149:1199 
mineral screening, osteoporosis, 149:120 
parosteal osteosarcoma, 148:323 


AJR: 149. December 1987 


sarcomas, Ollier’s disease and (a), 149:201 

scans, Clinical practice (b), 149:96 

scintigraphic findings, stress fractures (a), 
149:445 

trauma, technetium-99m, hydrocortisone effects, 
148:1175 

tumorlike tuberculous granulomas of, 149:1207 

tumors (b), 148:568 

Bone marrow, prolonged relaxation, acute leuke- 
mia, MRI (a), 149:1297 
Book reviews 

abdominal imaging: an introduction, 148:296 

a diagnostic approach to chest diseases, 
149:676 

a manual of radiographic equipment, 149:176 

a multimodality approach to breast imaging, 
149:91 

angiocardiography, 148:848 

a practical guide to ultrasound in obstetrics and 
gynecology, 149:146 

asbestos-related malignancy, 148:694 

atlas of fetal sectional anatomy, 148:470 

atlas of pediatric orthopedic radiology, 149:112 

basic baby II (BBII), 149:394 

basic bone radiology, 2nd ed., 149:542 

basic imaging in congenital heart disease, 
148:852 

biological effects and health implications of radio 
frequency radiation, 149:814 

bone scanning in clinical practice, 149:96 

bone tumors, 148:568 

breast cancer detection, 149:1148 

cancer in atomic bomb survivors, 148:920 

cardiac imaging, 148:300 

Clinical imaging of the colom and rectum, 
148:1210 

Clinical neurosonography. ultrasound of the cen- 
tral nervous system, 149:165 

Clinics in chest medicine, 149:244 

color atlas of real-time two-dimensional Doppler 
echocardiography, 149:1138 

color Doppler flow imaging and other advances 
in Doppler echocardiography, 149:66 

computed tomographic angiography of the me- 
diastinum, 148:1188 

computed tomography in trauma, 149:298 

computed tomography of the pituitary gland, 
148:8 


computed tomography of the gastrointestinal 
tract, 149:490 

computer tomographic imaging and anatomic 
correlation of the human brain, 149:1240 

cranial computed tomography in infants and chil- 
dren, 148:478 

Cranial computed 
148:1172 

diagnosis of metabolic bone disease, 149:108 

diagnostic and interventional catheterization in 
congenital heart disease, 149:900 

diagnostic angiography, 149:606 

diagnostic imaging in neurological disease, 
149:780 

diagnostic imaging in surgery, 148:744 

diagnostic imaging of child abuse, 149:1212 

diagnostic imaging of the chest, 149:698 

diagnostic paediatric imaging, 148:44 

diagnostic radiology 1987, 149:824 

elements of digital radiology, 149:1024 

essentials of cardiac roentgenology, 148:1086 

exercises in radiological diagnosis, 149:1180 

functional studies using NMR, 149:236 

gamuts in radiology, 149:1148 

gastrointestinal angiography, 149:498 

guide to the ultrasound examination of the ab- 
domen, 148:536, 148:880 

handbook of gastrointestinal imaging, 149:924 

high-resolution computed tomography of the par- 
anasal sinuses, pharynx and related regions, 
149:172 

imaging in internal medicine, 148:1188 


tomography and MRI, 


AJR: 149, December 1987 


interpretation of the chest roentgenogram, 
1481172 
investigational technique in oncology, 149:1016 
la radiologia interventiva delle vie biliari, 149:226 
magnetic resonance imaging, 149:8 
magnetic resonance imaging of the central nerv- 
ous system, 149:158 
magnetic resonance of the musculoskeletal sys- 
tem, 148:936 
magnetic resonance of the reproductive system, 
149:136 
mammeagraphy—a user's guide, 148:358 
multiplanar CT of the spine, 148:392 
neuroradiology, 148:1014 
neurosurgical applications of transcranial Doppler 
sonography, 149:364 
new developments in imaging, 148:754 
noninvasive imaging of cardiac metabolism, 
149:888 
normal variants and pitfalls in imaging, 148:392 
notes on radiological diagnosis, 148:18 
nuclear cardiac imaging: principles and applica- 
tions, 148:520 
nuclear techniques 
148:684 
orthopedic radiology, 148:76 
pediatric body CT, 149:472 
pediatric imaging/Doppler ultrasound of the 
chest, 148:946 
pediatric ultrasonography, 148:1198 
percutaneous and interventional urology and ra- 
diology, 148:64 
physics and engineering of medical imaging, 
149:958 
physics in nuclear medicine, 2nd ed., 149:86 
pioneers and early years: a history of British 
radiology, 149:232 
pocket atlas of MRI body anatomy, 148:1158 
practical guide to quality assurance in medical 
imaging, 149:838 
practical MRI, 149:14 
progress in radiopharmacy, 149:22 
quantitative obstetrical ultrasonography, 148:906 
radiologic management of musculoskeletal tu- 
mors, 148:1152 
radiology article filing program, 149:1110 
radiology inemergency medicine, 149:52 
radiology of bone disease, 148:880 
radiology of congenital heart disease, 148:1158 
radiology of the acute abdomen, 148:858 
radiology of the liver, biliary tract, pancreas and 
spleen, 149:46 
radiology of the pediatric chest, 149:468 
radionuclides in nephrology, 149:830 
radiopharmaceuticals in nuclear medicine prac- 
tice, 149:1286 
recent advances in radiology and medical imag- 
ing, 148:1035 
renal senography, 149:125 
RSNA today, 149:1166 
skeletal development of the wrist and hand in 
Macaca mulatta and man, 148:926 
state of the art in quantitative coronary arteriog- 
raphy, 148:844 
subarachnoid haemorrhage, 148:740 
surgical neuroangiography, vol. 1. functional 
anatomy of the craniofacial arteries, 149:182 
textbook of radiographic science, 149:282 
the clinical recognition of congenital heart dis- 
ease, 149:894 
the clinician's guide to diagnostic imaging, 
149:1144 
the radiologic clinics of North America 
interventional uroradiology, 148:1210, 149:130 
organ transplantation, 149:484 
radiology of inflammatory bowel disease, 
148:82 
vascular imaging: angiography and the new 
medalities, 148:818 


in diagnostic medicine, 


SUBJECT INDEX VOLUMES 148-149 


the radiology of acute cervical spine trauma, 2nd 
ed., 149:548 
the radiology of joint disease, 149:328 
transcranial Doppler sonography, 149:304 
ultrasonic diagnosis of cerebrovascular disease, 
149:1254 
ultrasonography of the neck, 149:1254 
ultrasound annual 1986, 148:894 
ultrasound diagnosis in obstetrics and gynecol- 
ogy, 148:702 
ultrasound-guided biopsy and drainage, 148:550 
urologic pathology, 148:754 
1986 yearbook of nuclear medicine, 148:70 
Bowel, see Colon 
Brachial plexus, tumor, MRI, 149:1219 
Brachiocephalic arteries, penetrating injuries, an- 
giography, 149:607 
Brain 
abnormalities, precocious puberty, CT, 148:1231 
atrophy, differentiation from hydrocephalus, 
148:1223 
CT and anatomic correlation (b), 149:1240 
injuries, pediatric population (a), 149:444 
ischemic infarction, CT diagnosis, 149:583 
movement disorders, MRI, 149:365 
occult vascular malformations, MRI, 149:1223 
white matter, radiation effects, MRI, 149:165 
Brain death, children (a), 149:445 
Breast 
calcifications, 
148:855 
cancer 
alcohol consumption (a), 149:442 
mammogram interpretation by physician as- 
sistant, 149:907, 149:912 
density and physical assessment, mammo- 
graphic, 148:525 
imaging, multimodality approach to (b), 149:918 
irradiated, recurrent cancer in, mammographic 
detection, 148:39 
lesions 
localization on only one mammographic view, 
149:39 
preoperative needle localization, 149:43 
preoperative needle localization (I), 149:1079 
vertebral, bone scan-positive and malignant 
lesions 
CT-negative, 148:341 
halo sign and, 149:1145 
methods of imaging (b), 149:1148 
nonpalpable masses, surgical biopsy, radiogra- 
phy in, 149:283 
occult lesions 
localization device for, 148:699 
localization devices (I), 149:441 
parenchymal patterns, mammographic densities 
and, 148:1087 
reduction mammoplasty, 
changes after, 149:35 
Bronchial atresia, main-stem, intrauterine sono- 
graphic diagnosis, 148:364 
Bronchial disease, evaluation, CT and fiberoptic 
bronchoscopy comparison, 148:1 
Bronchiectasis, medium-thickness CT, 149:1133 
Bronchogenic carcinoma, transbronchial needle 
aspiration (a), 149:865 
Bronchography, comparison with medium-thick- 
ness CT, diagnosis of bronchiectasis, 
149:1133 
Bronchopulmonary dysplasia, chronic, flat chest 
in, 149:1213 
Bronchoscopy, fiberoptic, CT comparison, 148:1 
Burst fractures, vertebral body, radiography and 


renal hyperparathyroidism, 


mammographic 


CT, 148:93 
Cc 
Calcaneal fracture, peroneal tendon injury with, 
CT, 149:125 
Calcification 


see also specific organ; region 
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dystrophic, carcinoma of the lung, CT, 148:29 
metastatic pulmonary and cardiac, end-stage 
renal disease, digital radiography, 149:881 
myocardial and pericardial, radiographic distinc- 
tion, 148:675 
Calcific tendinitis, cortical bone erosion and, 
149:967 
Calculi, see Stones; see also the specific type 
Campylobacter-like organisms, gastric, gastritis 
and peptic ulcer disease (a), 149:1074 
Campylobacter pyloridis, screening, patients with 
upper dyspepsia (a), 149:1295 
Cancer 
see also specific organ; region 
atomic bomb survivors (b), 148:920 
Carbon dioxide, double-contrast examination, 
liver, 149:502 
Carcinoid, gastric, CT (I), 148:1276 
Carcinoma, see specific organ; region 
Cardiac gating, CSF flow-void sign, 148:207 
Carotid artery 
bifurcation, atherosclerotic plaque, sonography 
(a), 149:867 
cervical internal, 
148:393 
MR angiography of, 149:1097 
Carotid cavernous fistulae, angiography, 149:587 
Carpal tunnel syndrome, MRI, 148:307 
Case of the day 
abdominal, 148:641, 148:1043 
chest, 148:638, 148:1037 
musculoskeletal, 148:643, 148:1048 
neuroradiology, 148:646, 148:1053 
Catheters 
arterial, entry site for (I), 148:1059 
balloon 
detachable, treatment of false aneurysm, 
149:1279 
hysterosalpingography, 149:995 
stricture of ileal loop, 149:993 
biliary drainage, external-internal cross-connec- 
tion, 149:91 
central venous, noninfectious complications of 
long-term use, 149:671 
entrance, location identification (I), 148:231 
Foley balloon, bilateral ureteral obstruction 
caused by, 149:1197 
percutaneous small bore, lung abscesses and (a), 
149:1294 
Swan-Ganz pulmonary artery, pulmonary artery 
false aneurysms secondary to, 149:901 


spontaneous dissection, 


Tenckhoff, extraperitoneal placement of, 
148:1211 
tip-deflecting wire, manipulation of foreign bod- 
ies, 149:777 
C2 body fractures, plain lateral radiographs, 
148:609 


Cecum, see Colon 
Cerebrospinal fluid 
flow, ventriculomegaly and, MRI, 148:193 
flow-void sign, modification by cardiac gating, 
148:205 
pulsations, nonneoplastic spinal cord cysts, MRI, 
149:149 
spinal 
flow phenomena, 148:983 
imaging by 2DFT MR, 148:973 
Cerebrovascular disease, sonography (b), 
149:1254 
Cervix, carcinoma, staging, MRI (a), 149:445 
Cesarean delivery, subfascial hematoma after, ul- 
trasound, 148:907 
Chemotherapy, thymic atrophy and regrowth, CT, 
149:269 
Chest, see Thorax 
Chest tube, small, treatment of pneumothorax, 
148:849 
Chiari malformation 
type 1, sleep apnea and vocal cord paralysis 
secondary to (a), 149:1296 
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type Il, MRI, 149:1033 
Child abuse 
diagnostic imaging (b), 149:1212 
skull fractures, radiographic characteristics of, 
149:173 
Cholangiography 
hepatic artery occlusion, after liver transplanta- 
tion, 149:485 
IV, xanthogranulomatous cholecystitis, 148:727 
Cholangitis 


percutaneous transhepatic drainage with, 
148:367 

sclerosing, improved survival with (a), 149:866 
Cholecystitis 


see also Gallbladder 
emphysematous, presenting with pneumoperito- 
neum, 149:1175 
focal acute acalculous, 149:505 
xanthogranulomatous, radiologic 
148:727 
Cholecystostomy, percutaneous, torsion of the 
gallbladder and, 148:881 
Choledocholithiasis, extracorporeal 
treatment, 148:1114 
Cholelithiasis 
extracorporeal shock-wave lithotripsy, 149:233 
postprandial emptying, resting gallbladder vol- 
ume and, sonography, 148:875 
radiologic appearance of (a), 149:650 
Chondromatosis, temporomandibular joint, MRI 
and CT contributions, 148:1173 
Cineangiography 
CT and sonography vs, 148:1189 
right ventricular outflow tract, obstructive lesions, 
CT and sonography vs, 148:1189 
Cineradiography, cardiovascular function, 148:239 
Circumcision, urinary tract infections and (a), 
149:203 
Clot maceration, thrombosed dialysis grafts and, 
149:177 
Coccidioidomycosis, renal dialysis and transplant 
patients, 149:989 
Colitis 
see also Colon 
cytomegalovirus, AIDS (a), 148:656 


findings, 


lithotripsy 


Colon 
adenomatous polyps, therapeutic options (a), 
149:443 
Clinical imaging (b), 148:1210 
colorectal cancer, high-risk population (a), 
149:202 
diverticulitis 


abdominal CT (a), 149:205 
barium enema and CT comparison, 148:541 
contrast enema and (I), 149:861 
CT and contrast enema (I), 149:644 
double-contrast examinations (a), 149:204 
carbon dioxide, 149:502 
extraperitoneal perforation, voice change after 
barium enema, 148:145 
inflammatory bowel disease, indium-111 autolo- 
gous leukocyte imaging (a), 149:443 
perforated bowel, Hirschsprung’s disease, 
148:1195 
radiology of interposition (a), 148:656 
right, diverticulitis, 148:737 
small bowel, granular mucosa (a), 149:652 
strangulation, intestinal decompression tube and, 
149:735 
ulcerative colitis, mucosal dysplasia associated 
with, radiographic appearance, 149:47 
volvulus, percutaneous decompression, 148:747 
Colonoscopy, splenic trauma during, 149:939 
Colorectal cancer, occult radiopaque jaw lesions 
in (a), 149:1295 
Column of Bertin, hypertrophied, sonography of (I), 
148:1277 
Computed tomography 
cine- 
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chronic airway obstruction, children, 148:347 
obstructive sleep apnea, 148:1069 
organ-absorbed doses, pediatric, 148:171 
trauma (b), 149:298 
Computed tomography, abdomen 
actinomycosis, 149:1255 
acute colonic diverticulitis, 148:541 
Crohn's disease, 148:537 
enteroenteric intussusception, 148:1129 
false-positive diagnosis of gallstones, gallbladder 
wall thickening, 149:941 
gallbladder, torsion, 148:881 
gastric carcinoid (I), 148:1276 
gastrointestinal tract (b), 149:490 
neuroblastoma, children, 148:937 
obstructed appendix, rabbit, 148:281 
periappendiceal abscesses, percutaneous drain- 
age, 149:59 
prosthetic vascular complications, 148:819 
pseudomyxoma peritonei (I), 149:1077 
right lower quadrant pain, immunocompromised 
patient, 149:1177 
septic thrombosis, percutaneous aspiration of, 
inferior vena cava, 148:1213 
small-bowel disease, 148:863 
small-cell carcinoma, lung, 148:845 
xanthogranulomatous cholecystitis, 148:727 
Computed tomography, adrenal, primary adreno- 
cortical carcinoma, 148:531 
Computed tomography, body 
pediatric (b), 149:472 
pericardial space, cadavers and patients (p), 
149:693 
worksheet in (I), 148:1060 
Computed tomography, bone 
Calcaneal fractures, peroneal tendon injury as- 
sociated with, 149:125 
ectopic, 148:931 
parosteal osteosarcoma, 148:323 
positive breast vertebral lesion, 148:341 
wrist fractures, 149:109 
Computed tomography, breast 
bone scan-positive, 148:341 
negative vertebral lesions, bone scan-positive, 
148:341 
Computed tomography, colon 
diverticulitis, 148:737 
diverticulitis (a), 149:205 
contrast enema and (I), 149:644 
Computed tomography, cranium 
anatomic correlation (b), 149:1240 
atlantoaxial rotary subluxation, 149:595 
cerebral abnormalities, precocious puberty, 
148:1231 
contrast-enhanced, salivary gland density after 
head and neck radiation, 149:1259 
head trauma, imaging recommendations, 
149:781 
hydrocephalus, 149:807 
hyperostosing meningioma en plaque, 149:1017 
infants and children (b), 148:478 
intracranial sarcoidosis, 149:1043 
ischemic infarction, 149:583 
lymphomas, 149:575 
MRI and (b), 148:1172 
non-Hodgkin's lymphoma, nodal and extranodal 
sites, 149:785 
orbital wall fractures, 148:601 
paranasal sinuses, pharynx, and related regions 
(b), 149:172 
synovial chondromatosis, 
joint, 148:574 
temporal-lobe epilepsy, 149:1231 
temporomandibular joint 
MRI comparison, 
148:1165 
MRI comparison, chondromatosis with intra- 
cranial extension, 148:1173 
radiation dose, 148:107 


temporomandibular 


autopsy specimens, 
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Computed tomography, esophagus, varices, 
148:131 
Computed tomography, eye, dynamic orbital, pap- 
illedema, 149:793 
Computed tomography, foot, immobilization tech- 
nique, children, 148:169 
Computed tomography, heart, primary angio- 
sarcoma, 148:267 
Computed tomography, kidney 
actinomycosis, 149:1255 
cyst rupture, renal hemorrhage due to, 148:763 
end-stage kidney disease, 148:755 
perirenal and renal changes, extra-corporeal lith- 
Otripsy (a), 148:656 
renal cell carcinoma, 148:749 
Computed tomography, knee, cystic masses (p), 
148:329 
Computed tomography, liver 
actinomycosis, 149:1255 
allograft transplantation, postoperative CT find- 
ings, 148:1099 
diagnosis of masses (I), 149:1080 
focal fatty change, 149:491 
focal mass (a), 148:656 
giant cavernous hemangioma, 149:83 
indeterminate diagnosis of metastases, 148:723 
infarcts, 149:87 
neoplasms, percutaneous ethanol injection in, 
149:949 
regenerating nodules, tyrosinemia, 149:391 
single-photon emission, cavernous hemangioma, 
148:125 
Computed tomography, lung 
cancer, mediastinal lymph nodes in, 149:683 
carcinoma, dystrophic calcification in, 148:29 
fiberoptic bronchoscopy comparison, 148:1 
interpectoral lymph node detection, 149:687 
interstitial disease, 148:9 
pulmonary artery, right ventricular and outflow 
tract lesions, 148:1189 
Computed tomography, lymph nodes, paracar- 
diac adenopathy, 149:29 
Computed tomography, musculoskeletal sys- 
tem, lumbar hernia, 148:565 
Computed tomography, neck 
actinomycosis, 149:1255 
airway obstruction, intratracheal thymus and, 
149:1217 
carotid artery dissection, 148:393 
lymphomas, 149:575 
non-Hodgkin's lymphoma, nodal and extranodal 
sites, 149:785 
Computed tomography, nerve, malignant nerve- 
sheath neoplasms, neurofibromatosis, 
149:1059 
Computed tomography, pancreas 
mass, sonography in (p), 148:551 
ruptured pseudocyst, extension into the thigh, 
149:937 
Computed tomography, pelvis 
exenteration, gracilis myocutaneous vaginal re- 
construction, 148:1143 
malignant gestational trophoblastic disease, 
148:165 
posterior lesions, transcystic biopsy, 149:93 
Computed tomography, pituitary, preoperative, 
ACTH-secreting adenomas, 149:803 
Computed tomography, prostate 
abscess, 148:899 
staging, accuracy, 149:315 
Computed tomography, pulmonary artery, right 
ventricular outflow tract obstructive lesions, 
sonography and  cineangiography vs, 
148:1189 
Computed tomography, rectum, spermatic gran- 
uloma, abdominoperineal resection, 149:529 
Computed tomography, shoulder 
glenoid labrum variations (p), 149:963 
parasagittal scanning, axilla, 149:555 
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recurrent glenohumeral instability, arthrographic 
patterns, 149:749 
Computed tomography, spine 
cervical fractures, comparison with plain film, 
148:1179 
deformities and pseudofractures, 148:97 
fracture dislocations, thoracolumbar 
148:335 
guidance of percutaneous biopsy, 149:539 
Jefferson fracture, child, 149:1001 
lumbar block, myelogram (a), 149:203 
multiplanar (b), 148:392 
stabilization and traction during, 149:345 
symptomatic synovial cysts, 149:105 
Computed tomography, spleen, delayed rupture, 
false-negative diagnosis, 149:727 
Computed tomography, stomach, water as a con- 
trast agent (I), 149:1084 
Computed tomography, testicles, nonseminoma- 
tous cancer, detection of retroperitoneal me- 
tastases in, 149:1187 
Computed tomography, thorax 
actinomycosis, 149:1255 
blunt trauma, CT role in excluding major arterial 
injury, 149:601 
extension of ascites into, hiatal hernia, 148:31 
marrow infiltration, osteosarcoma, 149:1203 
mass, dorsal pancreas presenting as, 149:718 
mediastinal imaging, myasthenia gravis, 148:509 
medium-thickness, diagnosis of bronchiectasis, 
149:1133 
metastatic testicular seminoma, 
manifestations, 149:473 
neoplasms, chest wall (a), 149:205 
occult disease, critically ill patients, 148:685 
pathologic correlation, small peripheral lung can- 
cers, 149:1139 
pleural endometriosis, 148:523 
silicosis, exposed workers, 148:509 
thoracic aortic aneurysm, 149:261 
thymic atrophy and regrowth, chemotherapy and, 
149:269 
Computed tomography, transrectal, seminal ves- 
icle abscess, after vasectomy, 149:137 
Computed tomography, urinary tract 
advanced tuberculosis, 148:65 
ureteral stump, transitional cell 
148:741 
Computed tomography, wrist, high-resolution, 
scaphoid disorders and surgical fusions, 
149:757 
Computer 
radiology and (I), 148:230 
software review, basic baby II (BBII), 149:394 
Computer page 
computerized filing system, radiology teaching 
cases, 149:191 
microcomputer applications, academic radiolo- 
gist, 149:187 
picture archiving, communication system and, 
148:1025 
reference management, 149:411 
scientific exhibits in radiology, 149:195 
Concentric ring sign, MRI, intraabdominal hema- 
toma, 148:115 
Congenital abnormality, see organ; part 
Contrast medium 
see also specific medium 
enema, diverticulitis and (I), 149:861 
heterotopic excretion of, appendix (I), 149:647 
increased reactivity, allergic patients, 149:1281 
intravascular, adverse reactions, 149:665 
ionic and nonionic, nephrotoxicity, 149:1287 
magnetite albumin suspension, 149:839 
MR arthrography, 149:97 
percutaneous examination, stomach after gastric 
bypass, 149:928 
perfluorochemicals, abdominal MRI, 148:1259 
torn intercarpal ligaments, wrist arthrography, 
149:761 


region, 


intrathoracic 


carcinoma, 
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water, CT study of stomach (I), 149:1084 
Coronary artery 
atherosclerotic, compensatory enlargement (a), 
149:649 
bypass surgery, coronary flow reserve and (a), 
149:1295 
MR angiography of, 149:1097 
proximal, MRI, 148:665 
Cor triatriatum, MRI diagnosis, 149:567 
Coxarthrosis, following traumatic posterior dislo- 
cation of hip (a), 149:866 
Craniopharyngiomas, MRI, 149:383 
Crohn’s disease 
appendicitis as initial manifestation, 149:515 
CT evaluation, 148:537 
percutaneous abscess drainage, 148:859 
Cyclosporine, nephrotoxicity, acute renal allograft 
rejection and, sonography, 148:291 
Cyst, see specific organ; site 
Cystic duct, retained stones, treatment with extra- 
corporeal shock-wave lithotripsy, 148:1121 
Cystic fibrosis 
Pseudomonas cepacia colonization, respiratory 
tract (a), 149:202 
tracheal abnormalities of, 148:691 
Cystic medial necrosis, complication of percuta- 
neous balloon angioplasty (a), 149:202 
Cystography, pancreas transplantation, pancrea- 
tico-duodeno-cystostomy for exocrine drain- 
age, 149:507 
Cystoscopy, gross hematuria, anticoagulated pa- 
tients, 149:527 
Cystostomy, pancreatico-duodeno, 
transplantation with, 149:507 
Cystourethrography, voiding, girls with urinary 
tract infections, 148:479 
Cytosine-arabinoside, pulmonary complications, 
radiographic findings, 149:23 


pancreatic 


D 


Defecography, solitary rectal ulcer syndrome, 
149:933 
Dehydration, occult pneumonia associated with, 
148:853 
Dialysis 
extraperitoneal placement, Tenckhoff catheters, 
148:1211 
gallbladder wal! thickness, hypoalbuminemia and, 
sonography, 148:1117 
Dialysis grafts, thrombosed, 
149:177 
Diffuse idiopathic skeletal hyperostosis, vitamin 
A and (I), 148:457 
Diprosopus, diagnosis 
149:147 
Discography, degeneration of discs (a), 148:655 
Diskinetic cilia syndrome, radiographic findings 
(a), 149:204 
Diverticulitis, see Colon 
Diverticulum of Kommerell, aberrant right subcla- 
vian artery with, 149:477 
Doppler, see Echocardiography; Sonography 
Downhill flow technique, barium (l), 148:1059 
Down’s syndrome 
atlantoaxial instability in (a), 149:204 
screening in pregnancy, measuring maternal 
serum alpha-fetoprotein levels (a), 149:1294 
Drug abuse, IV, pyogenic sacroiliitis in, 149:1209 
Duodenum, position and mobility, children, 148:947 
Duplex collecting system, urinary tract infection, 
girls, 148:497 
Dyke award 
harmonic modulation of proton MR precessional 
phase by pulsatile motion, 148:983 
imaging of spinal CSF pulsation, 148:973 
Dysphagia, radiography and manometry, 149:307 
Dysraphism, spinal, intraoperative sonography, 
148:1005 


fibrinolysis of, 


in utero, sonography, 


1323 


ECG gating 
hybrid subtraction and, intraarterial digital sub- 
traction thoracic aortography, 149:1269 
selective intraarterial carotid DSA and, 149:1265 
Echocardiography 
see also Heart, Sonography 
aorta and pulmonary artery, measurement in 
utero, 149:1003 
Doppler 
calculation of aortic valve area (a), 148:654 
color flow imaging (b), 149:66 
real-time two-dimensional (b), 149:1138 
Ejection fraction, left ventricular, cine MRI deter- 
mination, 148:839 
Elbow 
anatomic correlation, MRI (p), 149:543 
embolization, 148:626 
Emergency medicine 
arterial trauma, angiography in, 149:613 
blunt thoracic trauma, CT role in, 149:601 
computed tomography in trauma (b), 149:298 
radiology in (b), 149:52 
Emphysema 
interstitial, epidural anesthesia and, 148:301 
soft-tissue, epidermal anesthesia and (I), 149:859 


Endometriosis, pleural, CT and ultrasound, 
148:523 

Endometrium, carcinoma, staging, MRI (a), 
149:445 

Endopyelotomy, percutaneous nephrostomy for, 
148:189 


Endoscopy, upper esophagus, congenital ectopic 
gastric mucosa in, 148:147 

Endosonography, standardized, prostate cancer 
evaluation, 149:975 


Enterocolitis, necrotizing, bowel perforation, 
149:1075 

Enteroenteric intussusception, CT findings, 
148:1129 


Epidermolysis bullosa 
radiography findings, 149:925 
superficial fascial calcification in, 148:577 
Epilepsy, temporal lobe, MRI and CT comparison, 
149:1231 
Epistaxis, arterial embolization of, 148:209 
Esophageal candidiasis, focal, AIDS (a), 148:656 
Esophagectomy, transhiatal, esophageal carci- 
noma recurrence after, 148:273 
Esophagitis 
cytomegalovirus, AIDS and, 149:919 
medication-induced, 148:731 
double-contrast esophagography (I), 149:646 
Esophagography 
medication-induced esophagitis, 148:731 
medication-induced esophagitis (I), 149:646 
Esophagus 
Barrett's, children and young adults, 148:353 
carcinoma, patterns of recurrence, 148:273 
deviation, 149:513 
intramural pseudodiverticulosis (I), 149:1079 
radiography and manometry, dysphagia, 149:307 
squamous cell carcinoma, coincidental granular 
cell tumor and (I), 149:863 
surgical isolation of, mucocele after, 149:729 
upper, congenital ectopic gastric mucosa, 
148:147 
varices, CT, 148:131 
Ethanol, injection therapy, liver neoplasms and, 
149:949 
Ewing’s sarcoma, MRI, 148:317 
Extracorporeal shock-wave lithotripsy 
biliary, 149:227 
choledocholithiasis, 148:1114 
cystic duct stones, retained, 148:1121 
epidural anesthesia for, interstitial emphysema 
with, 148:301 
gallstones, 149:233 
kidney sonography and (a), 149:652 
renal and perirenal changes following (a), 148:656 


1324 


renal calculi (a), 149:1296 
renal stones treated by, sonography, 149:131 
Eyelids, intradermal pigmentation, MRI and (I), 
149:1080 


F 


Facial nerve, intraparotid, MRI, 148:995 
Femoral artery 
medial circumflex, postoperative vaginal hemor- 
rhage and, 149:319 


profunda, pseudoaneurysm, thrombin and, 
149:185 
Femoral head, avascular necrosis, MRI imaging, 
148:1159 
Femoral vein, thrombosis, Kimray-Greenfield filter 
in, 149:1065 
Fetus 


measurement of pulmonary artery and aorta, 
echocardiography in utero, 149:1003 
sectional anatomy (b), 148:470 
sonographic landmarks, head, 149:1009 
Fibrinolytic therapy 
intraarterial, popliteal and tibial artery obstruction, 
149:453 
pulmonary vascular thrombosis, severe ARDS 
and, 148:501 
Fibromuscular dysplasia 
thoracodorsal artery aneurysm caused by, 
149:1067 
vs catheter-induced renal artery spasm (l), 
148:651 
Fibrosis, see specific organ; region 
Fibula, fracture, stress fractures subsequent to, 
149:329 
Film, fogging, phosphorescent apparel (I), 149:1077 
Fluoroscopy, percutaneous procedures guided by, 
light localizer in, 149:623 
Flying spot digital imaging device, skeletal meas- 
urements, 149:339 
Foreign bodies 
distal extremities, sonography (I), 149:864 
intravascular and extravascular, tip-deflecting 
wire in manipulation of, 149:777 
Fracture, see specific bone; type 
Frostbite, streptokinase treatment, experimental 
study in rabbits, 149:773 


G 


Gallbladder 

carcinoma, MRI, 148:143 

contraction, biliary atresia, 149:401 

disease, total parenteral nutrition in, sonography 
(a), 149:445 

emphysematous cholecystitis, presenting with 
pneumoperitoneum, 149:1175 

multiseparate, incidental sonographic diagnosis, 
148:1119 

resting volume, gallstones, sonographic evalua- 
tion, 148:875 

torsion, CT and sonography, 148:881 

wall thickness 

false-positive CT diagnosis of gallstones and, 


149:941 
hypoalbuminemia and, patients on dialysis, 
148:1117 
xanthogranulomatous_ cholecystitis, radiologic 
findings, 148:727 
Gallium-67, occult gastric lymphoma, AIDS, 


149:305 

Gallstones, see Cholelithiasis 

Gardner’s syndrome, pigmented ocular fundus le- 
sions in, importance in (a), 149:201 

Gastric carcinoma, serosal invasion in (a), 149:865 

Gastric dilatation, acute, portal venous gas and, 
148:279 

Gastric interposition, esophageal carcinoma re- 
currence after, 148:273 

Gastric lymphoma, AIDS, gallium-67 detection of, 
149:305 
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Gastric mucosa, congenital ectopic, upper esoph- 
agus, 148:147 
Gastritis, Campylobacter-like organisms in (a), 
149:1074 
Gastrointestinal bleeding, rates, 
findings and, 148:869 
Gastrointestinal studies 
acute hemorrhage, angiographic diagnosis (a), 
149:202 
handbook (b), 149:924 
radiologic, decreasing numbers, 148:1133 
Gastrostomy, percutaneous endoscopic (a), 
149:650 
Gaucher disease, MRI evaluation (a), 148:654 
Genitalia, see specific organ 
Gilmore, John Hamilton (m), 148:410 
Glenohumeral joint, recurrent instability, CT ar- 
thrographic patterns, 149:749 
Glenoid cavity, excessive retroversion (a), 148:655 
Goiter, intrathoracic, thyroid scintigraphy in diag- 
nosis of, 148:527 
Gracilis muscle, myocutaneous vaginal recon- 
struction, after pelvic exenteration, CT, 
148:1143 
Guidewire immobilization technique, interven- 
tional procedures, 149:629 


scintigraphic 


H 


Haematuria, marathon run and (a), 149:203 
Halo sign, malignant breast lesions and, 149:1145 
Hard copy, dry silver, digital radiography, 149:853 
Head 
MRI, artifacts caused by, 148:1001 
non-Hodgkin's lymphoma, nodal and extranodal 
sites, CT, 149:785 
trauma, imaging recommendations, 149:781 
Health technology assessment, problems and 
challenges, 149::1127 
Heart 
acute myocardial infarction, barium examinations 
after, 149:63 
aortic arch, congenital anomalies, MRI, 149:9 
Bjork-Shiley mitral valve prosthesis, strut fracture 
of, 149:699 
cor triatriatum, MRI, 149:567 
CT, primary angiosarcoma, 148:267 
giant right atrium, after mitral valve replacement, 
149:257 
metabolism, noninvasive imaging (b), 149:888 
MR 
acute myocardial infarction, 148:247 
cerebrospinal fluid flow ventriculomegaly, 
148:193 
infarct size, 149:237 
left ventricular mass measurement of, 148:33 
potential for evaluation, 148:239 
whole-body imaging system, 149:245 
roentgenology (b), 148:1086 
tumors and thrombus, MRI, 149:895 
Heart disease 
congenital 
basic imaging (b), 148:852 
catheterization in (b), 149:900 
Clinical recognition (b), 149:894 
radiologic management (b), 148:1158 
Heart ventricles 
atrial diverticulum, 
149:569 
thrombi, embolic risk in (a), 149:443 
Hemangioma 
see also organ; region 
giant cavernous, CT, 149:83 
hepatic, sonographically detected, 149:953 
liver 
cavernous, 
148:125 
fine-needle biopsy (I), 148:231 
heterogeneous appearance on MRI, 149:1167 
muscle, MRI, 149:765 


sonographic diagnosis, 


single-photon emission CT, 
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Hematoma 
see also organ; region 
extravascular, transcatheter intracavitary fibrinol- 


ysis, 148:378 

hemophilic patients, positive iliopsoas sign, 
148:121 

intraabdominal, concentric-ring sign, MRI, 


148:115 
Hematopoiesis 
focal intrahepatic extramedullary, mimicking neo- 
plasm, 149:1171 
thoracic extramedullary, 
149:889 
Hematuria 
anticoagulated patients, urography and cystos- 
copy, 149:527 
Clinical significance, anticoagulant therapy and 
(a), 149:651 
Hemoccult screening, role of radiology in (l), 
148:458 
Hemodialysis, maintenance, vertebral erosions in, 
149:323 
Hepatic artery 
embolization 
hepatocellular carcinoma, spontaneous rup- 
ture of, 149:715 
through periportal collaterals, 148:626 
Hepatobiliary imaging 
common bile duct (|), 148:230 
focal acute acalculous cholecystitis, 149:505 
neonatal cholestasis (a), 149:866 
Hepatocellular adenoma 
see also Liver 
technetium-99m sulfur colloid accumulation in, 
148:1105 
technetium-99m sulfur colloid accumulation in (I), 
149:862 
Hepatocellular carcinoma 
see also Liver 
calcification in, CT, 149:1173 


sickle-cell disease, 


mimicking focal nodular hyperplasia, MR, 
149:721 
spontaneous rupture, intraperitoneal hemor- 


rhage, 149:715 
Hernia, see specific organ; type 
Hiatal hernia, ascites and, CT, 148:31 
Hickman catheter, translumbar inferior vena cava, 
total parenteral nutrition, 148:621 
Hip 
arthroplasty, pseudobursae, 148:103 
joint effusions, widened teardrop distance, 
149:117 
total prosthesis, postoperative dislocation due to 
surgical drain, 149:971 
traumatic posterior dislocation, coxarthrosis fol- 
lowing (a), 149:866 
Hirschsprung’s disease, bowel perforation in, 
148:1195 


Hodgkin’s disease, treated, residual fibrous 
masses in (a), 149:1073 

Holoprosencephaly, sonography, prenatal, 
149:1051 

Homocystinuria, vascular thrombosis and, 
148:953 


Hydrocephalus 
see also Brain 
external, differentiation from cerebral atrophy, 
148:1223 
MRI evaluation, 149:807 
Hydrocortisone, sensitivity to technetium-99m im- 
aging, bone trauma, 148:1175 
Hydrogel, wound dressing, aid in sonography (l), 
148:1274 
Hydrogen peroxide, wound irrigation, pneumore- 
troperitoneum secondary to, 148:149 
Hydronephrosis 
see also Kidney 
neonatal, sonographic era, 148:959 
Hyperparathyroidism 
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after parathyroidectomy, intraarterial DSA in, 
149:479 


renal, breast calcifications in, 148:855 
secondary. enlarged thyroid glands, sonography 
for, 148:911 
Hyperplasia 
hepatic focal nodular, MRI, 148:711 
hepatic ncdular regenerative, clinical and radio- 
logic observations, 148:717 
Hypertension 
see also specific organ 
portal 
diagnosis, emerging technologies, 148:1113 
duplex Doppler examination, 149:71 
MRI anc angiography correlation, 148:1109 
pulsed Doppler and angiography comparison, 
149:77 
pulmonary, embolism and, MRI, 149:15 
renovascular, compression of renal artery by dia- 
phracmatic crus, 149:1195 
Hypoalbuminemia 
gallbladder wall thickness in, sonography, pa- 
tients on peritoneal dialysis, 148:1117 
Hysterosalpingography, balloon catheter, 149:995 


ileal conduit, diversion, stricture of ileal loop after, 
balloen dilatation, 149:993 
lliopsoas sign, hemophilic patients, hematoma, 
sonographic localization of, 148:121 
Imaging 
see also Radiography; Computed tomography; 
Soncgraphy; Magnetic resonance imaging 
abdomen (b), 148:296 
cardiac (k), 148:300 
diagnostie 
clinician's guide (b), 149:1144 
interpretation, 149:199 
surgery (b), 148:744 
flying spot digital device, skeletal measurements, 
149:339 
hepatic vascular and segmental anatomy, sur- 
gically relevant (p), 149:287, 149:293 
medical, physics and engineering of (b), 149:958 
new developments (b), 148:754 
new tecnnology, health care, research, and 
teaching, international symposium, 
149:1111 
normal variants and pitfalls (b), 148:392 
quality assurance in (b), 149:838 
small-format, standard viewboxes (I), 149:207 
Imaging centers, Wall Street entrepreneurs and, 
opinion, 149:638 
Immunosuppression, right lower quadrant pain 
and, CT, 149:1177 
Indium-117, leukocyte scan, appendicitis, 148:733 
infertility, subclinical varicocele in, sonography, 
14871 
Internal medicine, imaging in (b), 148:1188 
Intestinal decompression tube, strangulation of 
colon and, 149:735 
Intestine, small-bowel disease, CT examination, 
148:863 
Intracranial hemorrhage, mechanical ventilation 
and. low birth weight infants (a), 149:651 
intramedullary neoplasms, differentiation, MRI, 
149159 
Intratemporal facial nerve, MRI, using surface 
coils, 148:589 
lodine-131 MIBG, diagnosis and therapy of neural 
crest tumors (a), 149:204 
Ischemia 
cerebral. clinical and experimental, MR and spec- 
troscopy in, 148:579 
tourniquet application, skeletal muscle tolerance 
to (a), 148:654 


J 


Jefferson fracture, CT detection in child, 149:1001 
Jejunostomy, direct percutaneous, 149:931 
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Joint, see specific joint 
Joint disease, radiology of (b), 149:328 


K 


Kaposi’s sarcoma, lung, AIDS and, 148:25 
Kevlar cassettes, radiation exposure and, neonatal 
nursery, 148:969 
Kidney 
agenesis, giant cyst of seminal vesicle and, 
149:137 
calculi, postextracorporeal shock-wave litho- 
tripsy (a), 149:1296 
cancer, vena cava extension, surgical treatment 
(a), 149:651 
carcinoma, after retrograde pyelography with 
thorotrast, 148:897 
cystic masses, needle puncture of, 148:297 
dialysis and transplant, coccidioidomycosis in, 
149:989 
differential function, radiopharmaceutical use in 
determination, 148:889 
end-stage disease 
metastatic calcification of heart and lungs, dig- 
ital radiography, 149:881 
spontaneous subcapsular and perinephric 
hemorrhage in, 148:755 
failure 
maintenance hemodialysis, vertebral erosions 
in, 149:323 
rhabdomyolysis and, child abuse, 148:1203 
function, prolonged transit effects on measure- 
ment (I), 149:860 
hyperparathyroidism, breast calcifications in, 
148:855 
infection 
imaging, children, 148:471 
imaging in children (|), 149:206 
MRI, adenocarcinoma, 148:59 
multicystic dysplasia, crossed ectopia and, 
149:407 
papillae, simulating caliceal filling defects, sonog- 
raphy, 148:895 
polycystic disease, reduction of cyst volume in 
management (a), 149:444 
renal stones, treated by extracorporeal shock- 
wave lithotripsy, 149:131 
sonography, acute allograft rejection, cyclospo- 
rine nephrotoxicity and, 148:291 
spontaneous hemorrhage, due to cyst rupture, 
CT findings, 148:763 
transplant rejection 


acute, cyclosporine nephrotoxicity and, 
148:291 
cyclosporine nephrotoxicity, distinction be- 
tween, 149:521 
evaluation by duplex Doppler examination, 
148:759 
urinary obstruction, azotemic patients, sonogra- 
phy, 149:1191 


Kilby, Walter Leroy (m), 148:430 
Klatskin tumor, sonographic appearance (l), 
148:831 
Klippel-Trenaunay syndrome, vascular malforma- 
tion of, platelet sequestration, 149:1275 
Knee 
amputation below, prosthetic fit, xeroradiogra- 
phy, 148:99 
arthroplasty, bilateral and unilateral (a), 149:650 


articular cartilage defects, cadaver, MRI, 
148:1153 

cystic masses, arthrographic and CT evaluation 
(p), 148:329 


meniscal injuries, sonography, 149:549 


L 


Lectures, Aubrey O. Hampton: subspecialization in 
radiology, 148:465 

Leg, length measurements, low-dose radiography, 
148:1205 
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Leiomyosarcoma, portal vein, sonography, 
149:183 

Leukemia, bone marrow relaxation, MRI (a), 
149:1297 

Levothyroxine, solitary thyroid nodules (a), 
149:1073 


Lidocaine, heating of, pain of injection and (I), 
148:651, 149:1291 
Likelihood ratio, positive or negative test results 
(I), 148:1272 
Linear-array probe, ultrasonic guidance with, as- 
piration biopsy of superficial lesions, 148:623 
Liver 
amebic and pyrogenic abscesses, sonographic 
features, 149:499 
artery and vein, stereoscopic digital subtraction 
angiography, 148:825 
cirrhosis, intrahepatic portosystemic shunt, an- 
giography diagnosis of, 149:711 
CT cavernous hemangioma, 148:125 
focal fatty change, CT and sonography, 149:491 
focal intrahepatic extramedullary hematopoiesis, 
mimicking neoplasm, 149:1171 
focal lesions, contrast optimization by MRI, 
149:1155 
focal masses, MRI and CT (a), 148:656 
focal nodular hyperplasia, MRI, 148:711 
hemangioma 
giant cavernous, CT, 149:83 
sonographically detected, 149:953 
hepatocellular carcinoma, 149:1173 
infarcts, CT and sonography, 149:87 
inferior accessory fissure, sonography, 149:495 
lymphoma, ferrite-enhanced MRI, 149:1161 
masses, CT diagnosis of (I), 149:1080 


mesenchymal hamartoma, childhood (l), 
148:1275 

metastases, indeterminate CT diagnosis of, 
148:723 

neoplasms, percutaneous ethanol injection in, 
CT, 149:949 


nodular regenerative hyperplasia, clinical and 
radiologic observations, 148:717 
portal hypertension 
duplex Doppler examination, 149:71 
pulsed Doppler and angiography comparison, 
149:77 
portal vein, 
149:183 
radiology (b), 149:46 
regenerating nodules, hereditary tyrosinemia, 
CT, 149:391 
transplantation 
abdominal sonography after, 149:299 
hepatic artery occlusion after, cholangiogra- 
phy, 149:485 
postoperative CT findings, 148:1099 
rejection, angiographic findings, 148:1095 
vascular and segmental anatomy, surgically rel- 
evant, imaging of (p), 149:287, 149:293 
Lordotic view, reverse, lung bases (!), 148:651 
Lumbar arachnoiditis, MRI, 149:1025 
Lumbar hernia, CT diagnosis, 148:565 
Lung 
abscess, percutaneous small bore catheter drain- 
age (a), 149:1294 
adenocarcinoma, prophylactic cranial irradiation 
in (a), 149:649 
bases, visualization, lordotic view (I), 148:651 
carcinoma 
chest-wall invasion by, MRI, 148:1075 
dystrophic calcification in, CT, 148:29 
complications of cytosine-arabinoside therapy, 
149:23 
interstitial disease, 148:9 
disease, proton MRI to stage activity in (a), 
149:1073 
Kaposi's sarcoma, AIDS and, 148:25 
mediastinal lymph nodes, cancer, CT, 149:683 


leiomyosarcoma, sonography, 
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metastases, marrow infiltration and, osteosar- 
coma, 149:1203 
open biopsy, AIDS (a), 149:443 
pleural space, diagnostic and therapeutic inter- 
ventions, sonography, 149:1 
pulmonary arterial hypertension, pulmonary em- 
boli, MRI, 149:15 
small-cell carcinoma, abdominal CT staging of, 
148:845 
small peripheral cancers, CT-pathologic correla- 
tion, 149:1139 
Lymphadenopathy, paracardiac area, CT, 149:29 
Lymph nodes 
interpectoral, CT, 149:687 
mediastinal, lung cancer, CT, 149:683 
metastatic 
bladder cancer and (a), 149:203 
SMANCS effects (a), 149:442 
paracardiac adenopathy, CT, 149:29 
Lymphoangiomas, abdominal, children, sonogra- 
phy (a), 149:1296 
Lymphoma 
head and neck, CT, 149:575 
malignant, AIDS risk population (a), 149:1073 
pancreatic Burkitt, AIDS, sonography (l), 
149:1290 


Magnetic resonance imaging 
body anatomy (b), 148:1158 
central nervous system (b), 149:158 
cine 
cardiovascular function, 148:239 
left ventricular ejection fraction, 148:839 
ventricular septal defect, 149:689 
contrast medium, 148:399 
magnetite albumin suspension, 149:839 
functional studies using NMR (b), 149:236 
high field strength, physiologic changes during, 
148:1215 
hybrid color imaging, 149:825 
improving image quality, using rephasing gra- 
dients, 148:1251 
murine natural killer cell cytotoxicity, 148:415 
musculoskeletal system, 149:457 
outpatient center, 148:809 
practical (b), 149:14 
proton, harmonic modulation of, 148:983 
reference guide and atlas (b), 149:8 
reproductive system (b), 149:136 
sequence parameter optimization, 149:815 
signal-to-noise and contrast-to-noise ratios, flash 
imaging (a), 149:867 
soft-tissue masses, 148:1247 
surface-coil, intensity correction, 148:418 
ventilator-dependent patients, 149:845 
Magnetic resonance imaging, abdomen 
comparison with spin-echo images, 148:629 
gallbladder carcinoma, 148:143 
hematoma, concentric-ring sign, 148:115 
perfluorochemicals as contrast agents, rats and 
humans, 148:1259 
Magnetic resonance imaging, blood vessels 
flow-velocity imaging, 148:405 
quantitative phase-flow, dogs, 148:411 
Magnetic resonance imaging, bone 
arthrography, potential contrast agents for, 
149:97 
marrow changes, lumbar disc disease, 149:531 
osteogenic and Ewing's sarcoma, 148:317 
solitary osteochondromas, 149:557 
Magnetic resonance imaging, cervix, endometrial 
and cervical carcinoma (a), 149:445 
Magnetic resonance imaging, cranium 
artifacts caused by, 148:1001 
brain, ischemia, 148:579 
brain movement disorders, 149:365 
cerebral white matter, radiation effects, 149:165 
Chiari II malformation, 149:1033 
craniopharyngiomas, 149:383 
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CT and (b), 148:1172 
extracranial hemorrhages, 148:813 
hamartoma, nasal cavity (I), 149:1083 
hemorrhagic neoplasms, 149:1223 
intracranial sarcoidosis, 149:1043 
intracranial tuberous sclerosis, 148:791 
intradermal pigmentation of the eyelids and (I), 
149:1080 
intraparotid facial nerve, 148:995 
orbital pseudotumor, 148:803 
radiation therapy, oligodendroglioma, 148:595 
signal abnormalities, Alzheimer's dementia and 
normal aging, 149:351 
surface coils, intratemporal facial nerve, 148:589 
temporal-lobe epilepsy, 149:1231 
temporomandibular joint 
CT comparison, autopsy specimens, 148:1165 
CT comparison, chondromatosis with intracra- 
nial extension, 148:1173 
fast-scan dynamic display, 149:959 
thalamus and putamen, multiple sclerosis, 
149:357 
tissue contrast in, 149:831 
Magnetic resonance imaging, ear, tumor, internal 
auditory canal, 148:1219 
Magnetic resonance imaging, elbow, anatomic 
correlation (p), 149:543 
Magnetic resonance imaging, heart 
acute myocardial infarction, 148:247 
angiography, peripheral, carotid, and coronary 
arteries, 149:1097 
aortic arch, congenital anomalies, 149:9 
aortic root, proximal coronary arteries, 148:665 
cerebrospinal fluid flow, ventriculomegaly, 
148:193 
cor triatriatum, 149:567 
instant images, whole-body imaging system, 
149:245 
left ventricular mass, measurement, 148:33 
myocardial infarct size, early and late time inter- 
vals, 149:237 
pericardium (I), 148:649 
right atrioventricular valve atresia, 148:671 
slow blood flow and thrombus, 148:634 
tumors and thrombus, 149:895 
Magnetic resonance imaging, hip, femoral head, 
avascular necrosis, 148:1159 
Magnetic resonance imaging, kidney 
adenocarcinoma, 148:59 
renal cell carcinoma, 148:749 
Magnetic resonance imaging, knee, articular car- 
tilage defects, cadaver, 148:1153 
Magnetic resonance imaging, liver 
contrast optimization, detection of focal lesions, 
149:1155 
ferrite-enhanced, experimental study of lym- 
phoma, 149:1161 
5-fluorouracil metabolism, 149:1076 
focal mass (a), 148:656 
focal nodular hyperplasia, 148:711 
hepatocellular carcinoma, mimicking focal nodu- 
lar hyperplasia, 149:721 
portal hypertension, angiography correlation, 
148:1109, 148:1113 
T2-weighted images, hemangioma, 149:1167 
Magnetic resonance imaging, lung 
carcinoma, chest-wall invasion by, 148:1075 
proton, staging of activity in interstitial lung dis- 
ease (a), 149:1073 
pulmonary arterial hypertension, pulmonary em- 
boli, 149:15 
Magnetic resonance imaging, musculoskeletal 
system 
Gaucher disease (a), 148:654 
hemangiomas of skeletal muscle, 149:765 
musculoskeletal system (b), 148:936 
Magnetic resonance imaging, neck 
aspiration cytology, 149:380 
paragangliomas, 148:201 
supraclavicular region, normal (p), 148:77 
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Magnetic resonance imaging, nerve, malignant 
nerve-sheath neoplasms, neurofibromatosis, 
149:1059 

Magnetic resonance imaging, pancreas 

diagnosis of disease, 148:703 
quantitative tissue characterization (I), 149:859 

Magnetic resonance imaging, pelvis, puerperal 
ovarian vein thrombosis, 149:1273 

Magnetic resonance imaging, pituitary, adenoma, 
148:797 

Magnetic resonance imaging, prostate 

normal, 148:51 
transrectal sonography and, abscess, 149:981 

Magnetic resonance imaging, rectum, spermatic 
granuloma, abdominoperineal resection, 
149:529 

Magnetic resonance imaging, shoulder 

high-resolution, normal rotator cuff, 148:559 

normal, 148:83 

rotator cuff tears, 149:333 

Magnetic resonance imaging, spine 

disc degeneration (a), 148:655 

epidural sepsis, 149:1249 

imaging of cerebrospinal fluid, 148:973 

intramedullary neoplasms, differentiation of, 
149:159 

lumbar arachnoiditis, 149:1025 

metastatic disease, 149:1241 

neurovascular anatomy, 148:785 

nonneoplastic cysts, CSF pulsations within, 
149:149 

syringomyelia, 148:381 

Magnetic resonance imaging, spleen, metas- 
tases, ferrite-enhanced detection, rats, 
149:723 

Magnetic resonance imaging, testicles, polyor- 
chidism, 148:305 

Magnetic resonance imaging, thorax 

brachial plexus tumor, 149:1219 

hilia and mediastinum (a), 149:205 

mesoatrial shunt, Budd-Chiari 
149:707 

myasthenia gravis, 148:509 

supraclavicular region, diagnosis of diseases (p), 
148:1149 

thoracic aortic aneurysm, 149:261 

vascular rings, 149:251 

Magnetic resonance imaging, thyroid, compari- 
son of normal and diseased gland, 149:1076 

Magnetic resonance imaging, urinary tract, ure- 
teral stump, transitional cell carcinoma, 
149:741 

Magnetic resonance imaging, uterus, anomalies, 
148:287 

Magnetic resonance imaging, wrist, carpal tunnel, 
148:307 

Magnetite albumin microspheres 

MRI contrast material, 148:399 
Superparamagnetic oral MR contrast agent, 
149:839 
Malpractice, radiologists and (I), 148:830 
Mammography 
breast calcifications, renal hyperparathyroidism, 
148:855 
breast cancer detection (b), 149:1148 
changes after reduction mammoplasty, 149:35 
density and physical assessment, 148:525 
grids, breast radiation and (I), 148:456 
interpretation, physician assistants, 
149:912 
localization device, occult breast lesions, 148:699 
localization of lesions on only one view, 149:39 
malignant breast lesions, halo sign and, 149:1145 
newer film-screen units, radiation dose, focal 
spot, and automatic exposure effects, 
149:913 
nonpalpable abnormalities 
preoperative needle localizations in lower half 
of breast, 149:43 
surgical biopsy and, 149:283 


syndrome, 


149:907, 


q 
x 
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parenchymal patterns, quantitative evaluation of 
densities, 148:1087 
recurrent cancer, irradiated breast, 148:39 
reduced-price screening, 149:1153 
surgery and, conference (l), 149:1081 
survey of practices, 149:1149 
user's guide (b), 148:358 
Mammopiasty, reduction, mammographic changes 
after, 149:35 
Manganese(IIl)TPPS, proton relaxation enhance- 
ment by, model tumor system (a), 149:652 
Manometry, esophageal, 149:307 
Meeting news, International Congress of Radiol- 
ogy, 1989— Paris, France, 149:213 
Memorials 
Andrews, J. Robert, 1906-1986, 148:964 
Gilmore, John Hamilton, 1907-1986, 148:410 
Kilby, Walter Leroy, 1905-1986, 148:430 
Morgan, Russell H., 1911-1986, 148:16 
Moseley, Robert David, Jr., 1924-1987, 149:6 
Osmond, Leslie H., 1905-1987, 149:844 
Shriver, Alan Ward, 1920-1987, 149:338 
Meningioma en plaque, hyperostosis associated 
with, CT, 149:1017 
Mesoatrial shunt, Budd-Chiari syndrome, MR and 
sonography, 149:707 
Metastatic spinal disease, MRI, 149:1241 
mTc-Methylene diphosphonate, uptake, pan- 
creatic insulinoma, 149:69 
Methyl tertiary butyl ether, dissolution of common 
bile duct stones, 148:372 
Microspheres, magnetite albumin, 148:399 
Mitral vaive 
Bjork-Shiley prosthesis, strut fracture of, 149:699 
replacement, giant right atrium after, plain film 
findings, 149:257 
Monooctanoin infusion, stone removal and, 
through transparenchymal tract, 148:185 
Morgan, Russell H. (m), 148:16 
Moseley, Robert David, Jr. (m), 149:6 
Mucosal dysplasia, ulcerative colitis, radiographic 
appearance of, 149:47 
Multiple sclerosis, thalamus and putamen, MRI 
signal intensity on images of, 149:157 
Muscle, skeletal, hemangiomas, MRI, 149:765 
Musculoskeletal system 
MRI, 149:457 
MRI (b), 148:936 
tumors, radiologic management (b), 148:1152 
Myasthenia gravis, mediastinal imaging, 148:509 
Myelography 
lumbar 
diagnosis of complete block (a), 149:203 
iohexol, adverse reactions, 149:389 
Myelolipoma, adrenal, fine-needle aspiration, 
148:921 
Myocardial infarction 
MRI in, 148:247 
size at early and late intervals, MRI, 149:237 
Myocarditis, acute, indium-111 monoclonal anti- 
myosin antibody imaging (a), 149:1074 
Myocardium 
see also Heart 
calcification, radiographic distinction, 148:675 


N 


Nasal cavity, hamartoma, MRI (I), 149:1083 
Natural killer cells, murine, cytotoxicity, MRI ef- 
fects, 148:415 
Neck, non-Hodgkin's lymphoma, nodal and extra- 
nodal sites, CT, 149:785 
Necrosis, avascular, femoral head, MRI imaging, 
148:1159 
Needle aspiration 
see also Biopsy 
adrenal myelolipoma, 148:921 
preoperative localization of lesions 
lower half of breast, 149:43 
lower half of breast (I), 149:1079 
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transbronchial, bronchogenic carcinoma (a), 
149:865 
transthoracic, pneumothorax, 148:849 
Neoplasm, see specific organ; region 
Nephrolithotomy, percutaneous, complications, 
148:177 
Nephrology, radionuclides in (b), 149:830 
Nephropathy, contrast media, adverse reactions, 
149:665 
Nephrostomy, 
148:189 
Nephrotic syndrome, hemostasis, thromboembo- 
lism and, children (a), 149:651 
Nephrotoxicity 
comparison of ionic and nonionic contrast agents, 
149:1287 
cyclosporine, acute renal allograft rejection and, 
148:291 
Neural crest tumors, radionuclide diagnosis and 
therapy (a), 149:204 
Neural tube 
defects, vascular basis for (a), 149:1075 
open defects, midtrimester screening, sonogra- 
phy and amniocentesis, 149:137 
Neuroangiography, surgical (b), 149:182 
Neuroblastoma 
MRI, children, 148:937 
screening of infants (a), 149:866 
sonography, children, 148:943 
uptake of iodine-123 MIGB (a), 149:867 
Neurofibromatosis, malignant nerve-sheath neo- 
plasms in, MRI and CT, 149:1059 
Neurological disease, diagnostic imaging (b), 
149:780 
Neuroradiology, standard text (b), 148:1014 
Neurosonography, Clinical (b), 149:172 
Neutropenic typhlitis, sonographic diagnosis of, 
149:731 
Nuclear medicine 
cardiac imaging (b), 148:520 
iodine-123 MIGB uptake, pheochromocytomas, 
paragangliomas, and neuroblastomas (a), 
149:867 
physics in (b), 149:86 
radiopharmaceuticals in (b), 149:1286 
techniques in diagnostic medicine (b), 148:684 
1986 yearbook (b), 148:70 


percutaneous, endopyelotomy, 


(0) 


Occult disease, thoracic CT, critically ill patients, 
148:685 
Oligodendroglioma, radiation therapy of, MR in 
planning, 148:595 
Ollier’s disease, bone sarcomas in (a), 149:201 
Oncology, investigational techniques (b), 149:1016 
Opinions 
academic and private practice: competition, 
concession, and conciliation, 148:1027 
academic radiology: a personal reflection on past 
and future challenges, 148:1269 
beyond radiology training: a guide to career 
choice, 148:1029 
“cost-effective”: a trendy, often misused term, 
148:827 
diagnostic imaging interpretation: comprehen- 
siveness means quality, 149:199 
musculoskeletal imaging: an evolving subspe- 
cialty, 148:1186 
risk management for the radiologist, 149:641 
Wall Street entrepreneurs and imaging centers: 
an insidious threat to radiology, 149:638 
Orbital pseudotumor, MRI surface-coil, 148:803 
Orbital wall, fractures, direct oblique sagittal CT, 
148:601 
Osmond, Leslie H. (m), 149:844 
Osteoarthritis, proximal tibial osteotomy for (a), 
149:444 
Osteoarthropathy, hypertrophic, periostitis in, 
148:773 
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Osteochondral shell, allografts, joints resurfaced 
with, 149:743 
Osteochondroma 
femur, popliteal vein thrombosis and pseudo- 
aneurysm, 148:783 
solitary, MRI, 149:557 
Osteochondromatous proliferation, parosteal, vs 
benign florid reactive periostitis (|), 148:650 
Osteogenic sarcoma 
MRI, 148:317 
radiographic spectrum (p), 148:767 
Osteomyelitis, fracture and, leukocyte scintigra- 
phy, 148:927 
Osteoporosis 
bone-mineral screening for, 149:120 
densitometric screening for (I), 148:830 
Osteoradiology, fellowship training, United States, 
149:973 
Osteosarcoma 
see also Bone 
extraskeletal (a), 149:1294 
marrow infiltration in, CT, 149:1203 
parosteal,  radiologic-pathologic 
148:323 
Osteotomy, proximal tibial, osteoarthritis (a), 
149:444 
Ovarian vein, thrombosis, duplex Doppler evalua- 
tion, 149:321 
Ovary 
cysts 
neonatal, 148:175 
sonographic findings, 148:901 
puerperal vein thrombosis, MRI, 149:1273 


correlation, 


p 

PACS, see Picture archiving and communication 
systems 

Paget’s disease, dynamic classification (a), 
148:655 

Paleoradiology, arctic, 149:347 

Pancreas 

disease 


MRI in diagnosis, 148:703 
quantitative tissue characterization (l), 149:859 
dorsal, present as mass in chest, CT, 149:718 
insulinoma, uptake of °™7Tc-MDP by, 149:69 
lipomatosis, sonography, 149:67 
radiology (b), 149:46 
ruptured pseudocyst, extension into the thigh, 
149:937 
transplantation, pancreatico-duodeno-cystos- 
tomy with, 149:507 
Pancreatitis, ascaris-induced, 149:511 
Panendoscopy 
primary, 149:519 
primary (a), 149:202, 149:444 
Papilledema, optic disc protrusion, dynamic orbital 
CT, 149:793 
Paraganglioma 
mediastinal, radiologic evaluation, 148:521 
MRI, 148:201 
uptake of iodine-123 MIGB (a), 149:867 
Parathyroid glands, intraarterial DSA, hyperpara- 
thyroidism after parathyroidectomy, 149:479 
Paravertebral ossification, prehistoric saber- 
toothed cat, 148:779 
Parenteral nutrition, permanent total, translumbar 
inferior vena cava Hickman catheter for, 
148:621 
Pediatric radiology 
abdominal lymphoangiomas, sonography (a), 
149:1296 
acute lower respiratory tract disease, chest radio- 
graphs (a), 149:1075 
acute renal infection, imaging, 148:471 
acute renal infection (I), 149:206 
AIDS, chest radiographs and (a), 149:651 
airway obstruction, cine-CT, 148:347 
Barrett's esophagus, 148:353 
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bladder wall, 
149:563 
body CT (b), 149:472 
brain death (a), 149:445 
brain injuries (a), 149:444 
chest, Doppler ultrasound (b), 148:946 
Chiari malformation 
MRI, 149:1033 
sleep apnea and vocal cord paralysis second- 
ary to (a), 149:1296 
cranial computed tomography (b), 148:478 
diagnostic imaging (b), 148:44 
diskinetic cilia syndrome (a), 149:204 
Down syndrome, atlantoaxial instability in (a), 
149:204 
duodenum, position and mobility of, 148:947 
feet, immobilization technique, 148:169 
imaging of child abuse (b), 149:1212 
Jefferson fracture, CT, 149:1001 
mechanical ventilation, intracranial hemorrhage 
and (a), 149:651 
mesenchymal hamartoma, liver (|), 148:1275 
necrotizing enterocolitis, bowel perforation in, 
149:1075 
neonatal cholestasis, hepatobiliary scintigraphy 
in (a), 149:866 
neonatal hydronephrosis, 
148:959 
nephrotic syndrome (a), 149:651 
neural tube defects, vascular basis for (a), 
149:1075 
neuroblastoma 
MRI, 148:937 
screening of infants (a), 149:866 
sonography, 148:943 
organ-absorbed doses, CT, 148:171 
orthopedic, atlas of (b), 149:112 
ovarian cysts, neonatal, 148:175 
pelvic masses, sonography in, 148:1199 
pulmonary hypoplasia, congenital diaphragmatic 
hernia (a), 149:1296 
radiation exposure, Kevlar cassettes, neonatal 
nursery, 148:969 
radiology of the pediatric chest (b), 149:468 
renal artery stenosis, posttransplant, 148:487 
rhabdomyolysis, renal failure and, child abuse, 
148:1203 
separated urinoma, neonate, 149:997 
ultrasound (b), 148:1198 
umbilical artery thrombosis, sonographic detec- 
tion, 148:965 
ureteral dilatation, 148:483 
urinary bladder stones, children and young 
adults, 148:491 
urinary tract infection 
duplex collecting system in, girls, 148:497 
sonography in (a), 148:655 
urography, voiding cystourethrography, giris, 
148:479 
vesicoureteric reflux, severity of presentation (a), 
149:1296 
Pelvis 
exenteration, gracilis myocutaneous vaginal re- 
construction, 148:1143 
masses, sonography, children, 148:1199 
Penis, magnification, arteriography, 148:883 
Peptic ulcer disease, Campylobacter-like orga- 
nisms in (a), 149:1074 
Percutaneous abscess, drainage, Crohn's dis- 
ease, 148:859 
Percutaneous transhepatic drainage, with cho- 
langitis, 148:367 
Perfluorochemicals, as contrast agents, abdomi- 
nal MRI, 148:1259 
Periappendiceal abscesses, percutaneous drain- 
age of, CT, 149:59 
Pericardial space, anatomy of (p), 149:693 
Pericardium 
Calcification, radiographic distinction, 148:675 
normal, MRI (I), 148:649 


sonographic measurements, 


sonographic era, 
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Periostitis 
florid reactive, benign, vs parosteal osteochon- 
dromatous proliferation (I), 148:650 
hypertrophic osteoarthropathy, disease duration 
relations, 148:773 
Peripheral artery, MR angiography of, 149:1097 
Peutz-Jeghers syndrome, increased risk of cancer 
in (a), 149:865 
Pharmacoarteriography, 
148:883 
Pharyngography, contrast, importance of phona- 
tion (p), 148:269 
Pharynx, visualization (p), 148:269 
Pheochromocytoma, uptake of iodine-123 MIGB 
(a), 149:867 
Picture archiving and communication systems, 
Japan, 148:427 
Pituitary gland 
ACTH-secreting adenomas, preoperative CT 
scanning, 149:803 
adenoma, MRI, 148:797 
CT (b), 148:8 
Placenta previa, sonography, 149:1013 
Placental abruption, sonographic spectrum, 
148:161 
Pleural effusions, supine chest radiograph detec- 
tion of, 148:681 
Pleural space, diagnostic and therapeutic interven- 
tions, sonographic guidance, 149:1 
Pneumocolon, decubitus radiography, intracas- 
sette filter for, 148:547 
Pneumocystis carinii, AIDS, radiologic features, 
149:265 
Pneumonia, occult, dehydration and, 148:853 
Pneumoretroperitoneum, secondary to hydrogen 
peroxide wound irrigation, 148:149 
Pneumorrhachis, traumatic, 148:615 
Pneumothorax, small chest tube treatment of, 
148:849 
Polyhydramnios, severe, sonography, 148:155 
Polyorchidism, MRI evaluation, 148:305 
Polypectomy, postbiopsy lesions appearing as rec- 
tal ulcers, barium studies, 148:285 
Popliteal artery 
obstructive disease, intraarterial fibrinolytic ther- 
apy in, 149:453 


penile magnification, 


pseudoaneurysm, osteochondroma, femur, 
148:783 
Popliteal vein, thrombosis, osteochondroma, fe- 
mur, 148:783 
Portal venous system, gas, acute gastric dilatation 
and, 148:279 


Portosystemic shunt 
intrahepatic, liver cirrhosis and, angiography, 
149:711 
portal circulation and, Doppler sonography, 
149:701 
Postprandial emptying, gallstones, sonographic 
evaluation, 148:875 
Pregnancy 
ectopic 
endovaginal sonographic evaluation, 149:1181 
sonography (a), 149:204 
subchorionic hemorrhage, sonography, 149:737 
Prostate 
abscess 
CT and sonography, 148:899 
transrectal sonography and MRI, 149:981 
cancer, standardized endosonographic evalua- 
tion, 149:975 
carcinoma 
CT accuracy in staging of, 149:315 
tumor markers in (a), 149:1075 


endorectal sonography, clinical implications, 
148:1137 

hypertrophy, urethroplasty with balloon catheter 
in, 149:313 


MRI, normal anatomy, 148:51 
Pseudoaneurysm, profunda femoral artery, trans- 
catheter occlusion, thrombin and, 149:185 
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Pseudobursae, subtraction hip arthrograms, 
148:103 

Pseudodiverticulosis, intramural esophageal (I), 
149:1079 


Pseudomyxoma peritonei, CT (|), 149:1077 
PTD, see Percutaneous transhepatic drainage 
Pulmonary artery 
false aneurysms, secondary to Swan-Ganz pul- 
monary artery catheters, 149:901 
measurement, echocardiography in utero, fetus, 
149:1003 
right ventricular outflow tract obstructive lesions 
and, CT, sonography, and cineangiography 
comparison, 148:1189 
Pulmonary edema, unilateral, postlobectomy pul- 
monary vein thrombosis, 148:1079 
Pulmonary embolism 
arterial hypertension in, MRI, 149:15 
arteriography in diagnosis, 149:469 
deep venous thrombosis and (I), 149:860 
occult, deep venous thrombosis, 148:263 
Pulmonary hypoplasia, congenital diaphragmatic 
hernia, predictors of (a), 149:1296 
Pulmonary nodules, simulated, calcium in, digital 
radiography, 148:19 
Pulmonary vascular thrombosis, severe ARDS, 
148:501 
Pulmonary vein, postiobectomy thrombosis, unilat- 
eral pulmonary edema due to, 148:1079 
Putyriasis rubra pilaris, acro-osteolysis secondary 
to (I), 149:1082 
Pyelography, retrograde, renal carcinoma after, 
148:895 
Pyogenic sacroiliitis, IV drug abuse and, 149:1209 


Radiation 
breast, mammographic grids and (I), 148:456 
cerebral white matter, MRI, 149:165 
dose 
newer film screen mammography units, 
149:913 
temporomandibular joint, 148:107 
exposure in neonatal nursery, Keviar cassettes 
and, 148:969 
head and neck, increased salivary gland density 
after, CT, 149:1259 
oligodendroglioma, 148:595 
prophylactic cranial, adenocarcinoma of the lung 
and (a), 149:649 
radiofrequency (b), 149:814 
Radiography, digital 
dry silver hard copies, 149:853 
dual-energy, calcium in simulated pulmonary nod- 
ules, 148:19 
thorax 
measurement of 
149:1199 
metastatic calcification of heart and lungs, 
renal disease, 149:881 
Radiography, equipment 
contrast media, intravascular, adverse reactions, 
149:665 
manual of (b), 149:176 
textbook (b), 149:282 
Radiography, technique 
abdomen, acute gastric distension, 148:279 
aberrant right subclavian artery, 148:253 
antibiotic-containing acrylic beads, 149:123 
appendix, obstructed, rabbit, 148:281 
Ara-C therapy, pulmonary complications of, 


bone mineral content, 


149:23 

computed, direct radiographic magnification, 
148:569 

decubitis, pneumocolon, intracassette filter for, 
148:547 


entrance exposure in examinations, 149:631 
esophageal, dysphagia, correlation with mano- 
metry, 149:307 


F 
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giant right atrium, after mitral valve replacement, 
149:257 

low-dose leg length measurements, 148:1205 

lumbosacral, patients with acute back symptoms, 
149:535 

osteochondral shell allografts, joints resurfaced 
with, 149:743 

plain lateral, C2 body fractures, 148:609 

pleural effusion detection, 149:858 

radiation dose, temporomandibular joint, 148:107 

radiolucency, simulating a gallstone, common bile 
duct, 148:136 

shoulder, apical oblique view, 149:113 

skull fractures, child abuse, 149:173 

surgical biopsy, nonpalpable breast masses, 
149:283 


thorax 
energy subtraction digital, bone mineral con- 
tent, 149:1199 
myasthenia gravis, 148:509 
optical unsharp masking and contrast en- 
hancement, 149:275 
pediatric, AIDS and (a), 149:651 
pericardial and myocardial 
148:675 
pleural effusions, 148:681 
tracheal abnormalities, cystic fibrosis, 148:691 
tracheal rupture, early signs, 148:695 
widened teardrop distance, hip joint effusions, 
adults, 149:117 
Radiologic-pathologic correlation conference, 
vascular thrombosis and homocystinuria, 
148:953 


calcification, 


computerized filing system for teaching cases, 
149:191 
microcomputer applications for, 149:187 
imaging centers and, 149:638 
informed consent, 148:219 
patient education, preventive medicine and (|), 
148:456 
risk management for, 149:641 
Radiology 
academic, personal reflection, 148:1269 
aging, new subspecialty (I), 149:207 
article filing program (b), 149:1110 
British (b), 149:232 
cancer management, metastases and tumor ex- 
tension in abdomen, 148:1123 
computers (I), 148:230 
diagnostic(b), 149:1180 
digital 
description and evaluation, 149:847 
elements of (b), 149:1024 
examinations, language of certainty (I), 148:650 
gamuts in (b), 149:1148 
gastrointestinal studies, decreasing numbers, 
148:1133 
hemoccult screening and (I), 148:458 
inflammatory bowel disease (b), 149:82 
interventional! (I), 148:1273 
notes on diagnosis (b), 148:18 
orthopedic (b), 148:76 
radiology clinics of North America (b), 148:1210 
recent advances (b), 148:1035 
shared (l), 149:644 
subspecialization, Aubrey O. Hampton Lecture, 
148:465. 
subspecialization (l), 149:857 
trainees, clinical year (I), 148:652 
urology and (b), 148:64 
Radiology, operations 
cassetteless radiology department, 149:1069 
total digital department, 148:421 
Radiology, practice, survey of mammography 
practices, 149:1149 
Radiology, technique 
emergency medicine (b), 149:52 
liver, biliary tract, pancreas, spleen (b), 149:46 


SUBJECT INDEX VOLUMES 148-149 


Radiology, training 
academic career (I), 149:647 
career choice, opinion, 148:1029 
guide to career choice (I), 149:863 
image processing, residents in diagnostic radiol- 
ogy, 149:435 
new imaging technology, international sympo- 
sium, 149:1111 
osteoradiology fellowship training, United States, 
149:973 
pulmonary and cardiac, residency and fellowship 
programs, 148:1081 
women in academic radiology, 149:438 
women in academic radiology (I), 149:1292 
Radiopharmaceuticals 
differential renal function and, 148:889 
progress in (b), 149:22 
Rectal carcinoma, endosonographic staging of (a), 
149:1296 
Rectum 
clinical imaging (b), 148:1210 
ulcers, after biopsy or polypectomy, 148:285 
Renal artery 
compression by diaphragmatic crus, renovascu- 
lar hypertension, 149:1195 
spasm, catheter-induced (l), 148:651 
stenosis, posttransplant, children, 148:487 
Renal cell carcinoma, MRI and CT comparison, 
148:749 
Respiratory distress syndrome, adult, pulmonary 
vascular obstruction in, 148:501 


Respiratory tract, lower, disease, children, 
149:1075 

Rete testis, papillary adenocarcinoma, sonogra- 
phy, 148:1147 

Retroperitoneal compartmental anatomy (I), 
148:829 

Rhabdomyolysis, renal failure and, child abuse, 
148:1203 

Rotator cuff 


normal, high-resolution MRI, 148:559 
tears, MRI, 149:333 


S 


Sacral fracture, scintigraphic diagnosis, 148:111 
Salivary gland, increased density, after head and 
neck radiation, CT, 149:1259 
Saphenous aortocoronary bypass graft, chroni- 
cally occluded, transcatheter recanalization 
of, 148:375 
Sarcoidosis 
intracranial, MRI and CT evaluation, 149:1043 
tibial, 149:754 
Sarcoma, soft-tissue, gallium-67 scintigraphy in (a), 
149:1295 


Scaphoid, abnormalities, high-resolution CT, 
149:757 
Scintigraphy 

leukocyte, osteomyelitis complicating fracture, 
148:927 


sacral fractures, 148:111 
technetium-99m RBC, gastrointestinal bleed rate 
correlation, 148:869 
thyroid, intrathoracic goiter diagnosis, 148:527 
Sclerotherapy, percutaneous transluminal, varico- 
celes, 149:983 
Seminal vesicle 
abscess, after vasectomy, CT and sonography, 
149:137 
giant cyst, renal agenesis and, sonography and 
CT, 149:137 
Sepsis, spinal epidural, MRI, 149:1249 
Sexual differentiation, disorders of, neoplastic po- 
tential in (a), 149:444 
Shoulder 
acute trauma, apical oblique view, 149:113 
CT arthrography, glenoid labrum variations (p), 
149:963 
normal, MRI, 148:83 
total arthroplasty (a), 149:1074 
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Shriver, Alan Ward (m), 149:338 
Sickle-cell disease, thoracic extramedullary he- 
matopoiesis, 149:889 
Silicone, erosive arthritis induced by, 148:923 
Silicone stents, biliary drainage, 148:741 
Silicosis, exposed workers, CT assessment of, 
148:509 
Skeletal development, wrist and hand (b), 148:926 
Skull, fractures, child abuse, radiography, 149:173 
Small-cell carcinoma, lung, abdomina! CT staging 
of, 148:845 
SMANCS, metastatic lymph nodes and (a), 149:442 
Society of Magnetic Resonance in Medicine, 
meeting, Montreal, 148:1030 
Soft tissue, masses, MRI, 148:1247 
Solitary rectal ulcer syndrome, defecography, 
149:933 
Sonography 
Doppler, transcranial (b), 149:304 
duplex Doppler evaluation, puerperal ovarian vein 
thrombosis, 149:321 
obstetrics and gynecology (b), 148:996, 148:702, 
149:146 
pleural space, diagnostic and therapeutic inter- 
ventions, 149:1 
pregnancy 
correlation with amniocentesis, 149:137 
diprosopus, diagnosis in utero, 149:147 
ultrasound annual 1986 (b), 148:894 
Sonography, abdomen 
bile duct, daytime constancy of diameter, 
148:557 
gallbladder 
torsion, 148:881 
total parenteral nutrition in (a), 149:445 
wall thickness, hypoalbuminemia, patients on 
peritoneal dialysis, 148:1117 
guide to examination (b), 148:536 
hepatic transplantation, 149:299 
high-resolution, acute appendicitis, 149:53 
hydrogel wound dressing (I), 148:1274 
lymphoangiomas, children (a), 149:1296 
manner of examination (b), 148:88C 
multiseparate gallbladder, incidental diagnosis, 
148:1119 
neuroblastoma, children, 148:943 
obstructed appendix, rabbit, 148:281 
ovarian cysts, 148:901 
resting gallbladder volume, postprandial empty- 
ing and, gallstones, 148:875 
subfascial hematoma, cesarean 
148:907 
xanthogranulomatous cholecystitis. 148:727 
Sonography, adrenal, primary adrenocortical car- 
cinoma, 148:915 
Sonography, bladder, measurements of wall, chil- 
dren, 149:563 
Sonography, carotid artery, bifurcation, athero- 
sclerotic plaque (a), 149:867 
Sonography, colon, neutropenic typhlitis, 149:731 
Sonography, cranium 
brain death, children (a), 149:445 
cerebrovascular disease (b), 149:1254 
fetal head, landmarks in, 149:1009 
holoprosencephaly, prenatal diagnosis, 149:1051 
transcranial Doppler, neurosurgical applications 
(b), 149:364 
Sonography, extremities, distal, foreign bodies, 
sonographic diagnosis of (I), 149:864 
Sonography, fetal 
neonatal hydronephrosis, 148:959 
umbilical-artery thrombosis, 148:965 
ureteropelvic junction obstruction, 148:359 
Sonography, heart, atrial ventricular diverticulum, 
149:569 
Sonography, intrauterine 
adenomyosis, 148:765 
ectopic pregnancy (a), 149:204 
main-stem bronchial atresia, 148:264 
placental abruption, 148:161 


delivery, 
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severe polyhydramnios, 148:155 

twin gestations, membrane thickness and, 
148:151 

Sonography, kidney 

acute allograft rejection, cyclosporine nephrotox- 
icity, 148:291 

atlas of ultrasonic radiology, 2nd ed. (b), 149:130 

column of Bertin, hypertrophied (I), 148:1277 


duplex Doppler, renal transplant rejection, 
148:759 

extracorporeal shock wave lithotripsy and (a), 
149:652 


normal renal papillae, simulating caliceal filling 
defects, 148:895 
perirenal and renal changes, extra-corporeal lith- 
otripsy (a), 148:656 
renal stones, treated by extracorporeal shock- 
wave lithotripsy, 149:131 
transplant rejection, distinction between cyclo- 
sporine nephrotoxicity, 149:521 
urinary obstruction, azotemic patients, 149:1191 
Sonography, knee, detection of meniscal injuries, 
149:549 
Sonography, liver 
amebic and pyogenic abscesses, 149:499 
focal fatty change, 149:491 
hemangioma detection, 149:953 
infarcts, 149:87 
inferior accessory fissure, 149:495 
Klatskin tumors (I), 148:831 
metastases, 148:723 
portal hypertension 
duplex Doppler examination, 149:71 
pulsed Doppler and angiography comparison, 
149:77 
portal vein, leiomyosarcoma, 149:183 
Sonography, neck, solid organs (b), 149:1254 
Sonography, ovary, fibromas/thecomas, 149:1076 
Sonography, pancreas 
Burkitt lymphoma, AIDS (I), 149:1290 
lipomatosis, 149:67 
mass shown on CT (p), 148:551 
Sonography, pelvis 
diagnostic predictability, 
148:1199 
endovaginal, ectopic pregnancy, 149:1181 
posterior lesions, transcystic biopsy, 149:93 
Sonography, prostate 
abscess, 148:899 
transrectal and MRI, 149:981 
endorectal, clinical implications, 148:1137 
Sonography, pulmonary artery, right ventricular 
outflow tract obstructive lesions, CT and 
cineangiography vs, 148:1189 
Sonography, rectum 
anorectal atresia, prenatal diagnosis, 149:395 
carcinoma, endosonographic staging of (a), 
149:1296 
transrectal, seminal vesicle abscess after vasec- 
tomy, 149:137 
Sonography, spine, intraoperative, dysraphism 
and syringohydromyelia, 148:1005 
Sonography, testicles 
papillary adenocarcinoma, rete testis, 148:1147 
subclinical varicocele, infertility, 148:71 
Sonography, thigh, abscess, detection, diagnosis, 
and drainage, 149:769 
Sonography, thorax 
mesoatrial shunt, 
149:707 
pleural endometriosis, 148:523 
portosystemic shunts, hemodynamic changes in 
portal circulation, 149:701 
upper extremity inlet veins, thrombosis, 149:677 
Sonography, thyroid 
carcinoma, follow-up, 148:45 
enlarged, secondary _hyperparathyroidism, 
148:911 
Sonography, urinary tract 
advanced tuberculosis, 148:65 


masses, children, 


Budd-Chiari syndrome, 
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infection, children (a), 148:655 
transurethral, bladder cancer (a), 149:866 
Sonography, uterus 
potential placenta previa, 149:1013 
subchorionic hemorrhage, 149:737 
SPECT, see Computed tomography 
Spectroscopy, clinical and experimental cerebral 
ischemia, 148:579 
Spine 
cervical 
fractures, CT and plain film comparison, 
148:1179 
MRI, 148:785 
percutaneous biopsy, CT guidance, 149:539 
radiology of acute trauma (b), 149:548 
Stabilization and traction during CT, 149:345 
deformities and pseudofractures, CT, 148:97 
epidural sepsis, MRI, 149:1249 
intramedullary metastases 
differentiation, MRI, 149:159 
nonneurogenic origin, 148:1015 
iohexol lumbar myelography, adverse reactions, 
149:389 
lumbosacral radiography, acute back symptoms 
and, 149:535 
metastatic disease, MRI, 149:1241 
nonneoplastic cysts, CSF pulsations within, MRI, 
149:149 
symptomatic synovial cysts, 149:105 
thoracolumbar region, facet fractures, CT pat- 
terns, 148:335 
Spleen 
metastases, ferrite-enhanced MRI 
rats, 149:723 
radiology (b), 149:46 
trauma 
colonoscopy and, 149:939 
false-negative CT diagnosis in delayed rupture, 
149:727 
Squamous cell carcinoma, coincidental granular 
cell tumor and, esophagus (I), 149:863 
Stomach 
after gastric bypass, percutaneous contrast ex- 
amination, 149:928 
CT, water as contrast agent for (I), 149:1084 
Stones 
see also specific type 
urinary bladder, children and young adults, 
148:491 
Streptokinase, frostbite treatment, experimental 
study in rabbits, 149:773 
Subarachnoid hemorrhage (b), 148:740 
Subchorionic hemorrhage, sonography, 149:737 
Subclavian artery, aberrant right, 148:253 
large diverticulum of Kommerell, 149:477 
Subfascial hematoma, after cesarean delivery, ul- 
trasound, 148:907 
Superconductors, high-temperature, new mate- 
rials for, 149:223 
Supraclavicular region 
diagnosis of disease, MRI (p), 148:1149 
normal, MRI (p), 148:77 
Synovial chondromatosis, temporomandibular 
joint, CT diagnosis, 148:574 
Syringohydromyelia, intraoperative sonography, 
148:1005 
Syringomyelia, MRI appearance of, 148:381 


detection, 


T 


Teardrop distance, widened, hip joint effusions in 
adults, 149:117 
Technetium-99m 
gastrointestinal bleed rate correlation, 148:869 
hydrocortisone effects, bone trauma, 148:1175 
Technetium-99m methylene diphosphonate, up- 
take, pancreatic insulinoma, 149:69 
Technetium-99m sulfur colloid, accumulation, he- 
patocellular adenoma, 148:1105 
Temporomandibular joint 
CT and MRI 
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chondromatosis with intracranial extension, 
148:1173 
comparison with 
148:1165 
digital subtraction arthrography, 148:344 
meniscus, fast-scan MRI, 149:959 
radiation dose, 148:107 
synovial chondromatosis, CT diagnosis, 148:574 
Testicular cancer, early-stage, detection of retro- 
peritoneal metastases in, CT, 149:1187 
Testicular seminoma, metastatic, intrathoracic 
manifestations, 149:473 
Thigh, abscess, sonography in detection, diagno- 
sis, and drainage, 149:769 
Thoracic aorta 
aneurysm, CT and MRI, 149:261 
penetrating injuries, angiography, 149:607 
Thoracocentesis, clinical value (a), 149:649 
Thoracodorsal artery, aneurysm, caused by fibro- 
muscular dysplasia, 149:1067 
Thorax 
blunt trauma, CT role in excluding major arterial 
injury, 149:601 
chest dimensions, chronic bronchopulmonary 
dysplasia and, 149:1213 
chest diseases, diagnostic approach (b), 149:676 
Clinics in chest medicine (b), 149:244 
diagnostic imaging (b), 149:698 
hilia and mediastinum, MRI (a), 149:205 
inlet veins, thrombosis of upper extremity, Dop- 
pler sonography, 149:677 
intravascular foreign bodies, imaging (a), 149:443 
MRI, vascular rings, 149:251 
neoplasms involving chest wall, CT (a), 149:205 
roentgenograms, interpretation (b), 148:1172 
Thorotrast, retrograde pyelography with, renal car- 
cinoma after, 148:895 
Thrombin, transcatheter occlusion, profunda fem- 
oral artery pseudoaneurysm, 149:185 
Thrombocytopenia, Klippel-Trenaunay syndrome 
associated with, 149:1275 
Thrombosis 
deep venous 
below-knee, pulmonary embolism and (I), 
149:860 
occult pulmonary embolism in, 148:263 
femoral vein, percutaneous insertion of Kimray- 
Greenfield filter, 149:1065 
umbilical artery, neonatal, sonographic detection, 
148:965 
upper extremity thoracic inlet veins, Doppler so- 
nography, 149:677 
vascular, homocystinuria and, 148:953 
Thrombus, slow blood flow and, MRI, 148:634 
Thymus 
changes after chemotherapy, CT, 149:269 
intratracheal, rare cause of airway obstruction, 
149:1217 
Thyroid gland 
carcinoma, sonography in follow-up, 148:45 
enlarged, secondary hyperparathyroidism, so- 
nography, 148:911 
normal and diseased, MRI comparison, 149:1076 
solitary nodules, levothyroxine suppressive ther- 
apy (a), 149:1073 


autopsy specimens, 


Tibia 
fracture, stress fractures subsequent to, 149:329 
sarcoidosis, 149:754 
Tip-deflecting wire, manipulation of foreign bodies, 
149:777 
Trachea 
abnormalities, cystic fibrosis and, 148:691 
rupture, early radiographic signs of, 148:695 
Transbronchial needle aspiration, bronchogenic 
carcinoma (a), 149:865 
Transcatheter fibrinolysis, infected extravascular 
hematomas, 148:378 
Transitional cell carcinoma, ureteral stump, CT 
and MRI, 149:741 
Transplantation 
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see aiso specific organ 
kidney 
acute reection, 148:291 
rejection, cyclosporine nephrotoxicity and, 


49:21 
rejection, duplex Doppler examination, 
748:759 
liver 
hepatic -artery occlusion after, cholangiogra- 
pny, -49:485 


postoperative CT findings, 148:1099 
rejection of, angiography, 148:1095 
organ (b), 149:484 
pancreatic, §pancreatico-duodeno-cystostomy 
with, 149:507 
Trophoblasäc disease, malignant gestational, CT, 
948:755 
Tuberculosis, advanced, urinary tract, 148:65 
Tuberous sclerosis, intracranial, MRI, 148:791 
Tumors 
see aiso Specific type 
mode! system, manganese(IIl)TPPS (a), 149:652 
Twin gestation, membrane thickness, sonographic 
evaluation of, 148:151 
Tyrosinemia, hereditary, hepatic regenerating nod- 
ules im, 149:391 


U 


Ultrasound see Sonography 
Ureter 
bilateral owstruction, Foley balloon and, 149:1197 
dilatation febrile urinary tract infection or bacter- 
iuria, children, 148:483 
rupture, spontaneous (a), 149:203 
strictures. percutaneous balloon dilatation, 
3148:7181 
strictures and fistulas, percutaneous manage- 
ment{a), 149:866 
transiional cell carcinoma, CT and MRI, 149:741 
Ureterolithctomy, direct percutaneous, 148:617 
Ureterapelwec junction 
obstructicn, fetal, 148:359 
ureterovesical junction and, coexistence of ob- 
structions, 149:403 
Urethraplasty, prostatic hypertrophy, 149:313 
Urinary biaeder 
cancer 
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high-frequency transurethral ultrasonography 
probe (a), 149:866 
pelvic lymph node metastasis (a), 149:203 
contracted, obstruction caused by Foley balloon, 
149:1197 
stones 
children and young adults, 148:491 
Pica/burden (a), 149:1295 
wall, sonographic measurements in children, 
149:563 
Urinary tract 
blunt trauma (a), 149:1074 
infection 
circumcision and (a), 149:203 
duplex collecting system, girls, 148:497 
febrile, ureteral dilatation in, children, 148:483 
imaging, children, 148:471 
urography and voiding cystourethrography, 
girls, 148:479 
obstruction, volume expansion diuretic renal scan 
in (a), 149:652 
tuberculosis, sonography and CT, 148:65 
Urinomas, separated, neonate, 149:997 
Urography 
gross hematuria, 
149:527 
urinary tract infections, girls, 148:479 
Urokinase, concentrated, thrombosec dialysis 
grafts and, 149:177 
Urology, pathology (b), 148:754 
Uroradiology, interventional (b), 149:130 
Uterus, anomalies, MR evaluation, 148:287 


anticoagulated patients, 


Vv 


Vagina, gracilis myocutaneous reconstruction, CT 
evaluation of, 148:1143 
Valve, see specific valve 


Varicocele 
percutaneous transluminal sclerotherapy, 
149:983 
subclinical, infertility, 148:71 
Vascular thrombosis, homocystinuria and, 
148:953 
Vascular tumor, paragangliomas, radiologic evalu- 
ation, 148:521 


Vasectomy, seminal vesicle abscess after, trans- 
rectal CT and sonography, 149:137 
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Vein, see specific vein 
Vena cava 
inferior, septic thrombosis, CT-guided percuta- 
neous aspiration, 148:1213 
superior, obstruction, 148:259 
Venography 
see also Angiography, specific vein; organ; region 
catheter, noninfectious complications, 149:671 
Kimray-Greenfield filter, percutaneous insertion 
of, 149:1065 
superior vena cava obstruction, 148:259 
thrombophlebitis after, contrast media and, 
149:665 
Ventilation, prolonged mechanical, low birth weight 
infants (a), 149:651 
Ventilators, patients dependent upon, MRI in, 
149:845 
Ventricular ejection fraction, cine MRI determina- 
tion of, 148:839 
Ventricular septal defect, shunt flow and size, cine 
MRI, 149:689 
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Vertebral body line, posterior, radiography, 148:93. 
Vesicoureteric reflux, severity of presentation, 
children (a), 149:1296 
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and (I), 149:1080 
Vitamin A, diffuse idiopathic skeletal hyperostosis 
and, 148:457 


WwW 
Wrist 
evaluation of fractures, CT, 149:108 
scaphoid disorders, high-resolution CT, 149:757 
torn intercarpal ligaments, after injection of con- 
trast medium, 149:761 


X 


Xeroradiography 
below-knee amputation, prosthetic fit in, 148:99 
below-knee prosthetic devices (I), 149:440 


Y 
Yttrium tantalate screen, thulium-activated, radia- 
tion-induced phosphorescence from, 
148:1023 
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In excretory urography: 


Because you cant be sure how 
B every patient will react.. 


Improve the safety protle. 







ft in a 50,642-patient clinical study, 
97.9% had no reported adverse reactions. 





Severit= of Reactions in in Excretory Urography Percent of Patients 
No reaction 2 97.3 
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Mild 
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Sevee 
0.01 ; 
l —_——— BB at High Risk (n = 26,650) 
Ad fram Schrott et 
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OMNIP \QUE 3 X 0 ( 300 mg! mL) Dean not ir ere (n= 23,992) 
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phen» ata r 330 f unia. or or 0.659 ool total E] Total (n = 50 642) 


+ Df 26,650 patients considered high risk, 
m 97.3% had no reported adverse effects.’ 





f} Of 7,629 patients hypersensitive to 
iodinated contrast media, 95.9% had no 
wed, reported adverse effects. 
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THE NEW STANDARD IN 
EXCRETORY UROGRAPHY. 





See next page for important product 

infc rmat on concerning contraindications, 
warnngs, adverse reactions, patient selec- 
tion, and precautionary recommendations 





INJECTION (IOHEXOL) 
INTRAVASCULAR 





PLEASE CONSULT FULL PRODUCT INFORMATION BEFORE USING. 

A SUMMARY FOLLOWS: 

DESCRIPTION: OMNIPAQUE is a nonionic, water-soluble radiographic contrast medium 
for intravascular administration and is provided in iodine concentrations of 240. 300. and 
350 mgl/mL. Each milliliter of iohexo! solution contains 1.21 mg tromethamine and 0.1 mg 
edetate calcium disodium with the pH adjusted between 6.8 and 7.7 with hydrochloric acid or 
sodium hydroxide, but it contains no preservatives 

CONTRAINDICATIONS: OMNIPAQUE should not be administered to patients with a known 
hypersensitivity to iohexo! | 

WARNINGS: OMNIPAQUE should be used with extreme care in patients with: severely impaired 
renal and/or hepatic function; severe thyrotoxicosis, hyperthyroidism, or an autonomously 
functioning thyroid nodule; diabetes with a serum creatinine level above 3 mg/dL. Not 
ecommended for use in patients with anuria 

Patients with known or suspected pheochromocytoma should receive a minimum of contrast 
medium if benefit of the exam is judged to outweigh risk; blood pressure should be monitored 
ote eg the procedure, and measures for the treatment of hypertensive crisis should be readily 
available. 

Contrast agents are potentially hazardous in patients with multiple myeloma or other 
paraproteinemia, particularly those with therapeutically resistant anuria. The combination of 
contrast agent and dehydration may precipitate myeloma protein in the renal tubules. No form of 
therapy, including dialysis, has been successful in reversing the effect. Myeloma, which occurs 
most commonly in persons over age 40, should be considered before instituting intravascular 
administration of contrast agents 
PRECAUTIONS: Diagnostic procedures that involve the use of radiopaque diagnostic agents 
should be carried out under the direction of personnel with the prerequisite training and with a 
thorough knowledge of the particular procedure to be performed Appropriate facilities should be 
available for coping with any complication of the procedure, as well as for emergency treatment of 
severe reactions to the contrast agent itself. Competent personne! and emergency facilities should 
be available for at least 30 to 60 minutes postprocedure. The possibility of serious, life- 
threatening, fatal, anaphylactoid, or cardiovascular reactions should always be considered (see 
ADVERSE REACTIONS). It is of utmost importance that a course of action be carefully planned in 
advance for immediate treatment of serious reactions Preparatory dehydration is dangerous and 
may contribute to acute renal failure in patients with advanced vascular disease. diabetic patients 
and in susceptible nondiabetic patients (often elderly with preexisting renal disease). Patients 
Should be well hydrated prior to and following iohexol administration. Careful consideration to the 
potential risk of acute renal failure should be given before performing excretory urography in 
diabetic patients with diabetic nephropathy and in susceptible nondiabetic patients (often elderly 
with preexisting renal disease), Immediately following surgery, excretory urography should be 
used with caution in renal transplant recipients. The possibility of an idiosyncratic reaction in 
susceptible patients should always be considered (see ADVERSE REACTIONS). The susceptible 
population includes patients with a history of a previous reaction to contrast media. patients with a 
known sensitivity to iodine per se, and patients with a known Clinical hypersensitivity: bronchial 
asthma, hay fever, and food allergies. A thorough medical history with emphasis on allergy and 
hypersensitivity, prior to the injection of any contrast media, may be more accurate than pretesting 
in predicting potential adverse reactions 

A positive history of allergies or hypersensitivity does not arbitrarily contraindicate the use of a 
contrast agent where a diagnostic procedure is thought essential, but caution should be exercised 
(see ADVERSE REACTIONS) Premedication with antihistamines or corticosteroids to avoid or 
minimize possible allergic reactions in such patients should be considered. Recent reports 
indicate that such pretreatment does not prevent serious, life-threatening reactions but may reduce 
both their incidence and severity 

Even though the osmolality of OMNIPAQUE is low compared to diatrizoate- or iothalamate- 
based ionic agents of comparable iodine concentration, the potential transitory increase in 
circulatory osmotic load in patients with congestive heart failure requires caution during injection 
These patients should be observed for several hours following the procedure to detect delayed 
hemodynamic disturbances. 

Angiography should be avoided whenever possible in patients with homocystinuria, because of 
the risk of inducing thrombosis and embolism 

In angiographic procedures, the possibility of dislodging plaques or damaging or perforating 
the vessel wall should be borne in mind during the catheter manipulations and contrast medium 
injection. Test injections to ensure proper catheter placement are recommended 

Selective coronary arteriography should be performed only in those patients in whom the 
expected benefits outweigh the potential risk. The inherent risks of angiocardiography in patients 
with chronic pulmonary emphysema must be weighed against the necessity for performing this 
procedure 

When OMNIPAQUE is to be injected using plastic disposable syringes, the contrast medium 
should be drawn into the syringe and used immediately 

The inhibitory effects of nonionic contrast media on mechanisms of hemostasis have been 
shown, in vitro, to be less than those of ionic contrast media at comparable concentrations. For 
this reason, standard angiographic procedures should always be followed: angiographic catheters 
should be flushed frequently, and prolonged contact of blood with contrast media in syringes and 
catheters should be avoided 

If nondisposable equipment is used, scrupulous care should be taken to prevent residual 
contamination with traces of cleansing agents 
Drug/Laboratory Test Interaction: lî iodine-containing isotopes are to be administered for the 
diagnosis of thyroid disease, the iodine-binding capacity of thyroid tissue may be reduced for up 
to 2 weeks after contrast medium administration. Thyroid function tests which do not depend on 
iodine estimation, eg, T; resin uptake or direct thyroxine assays, are not affected 


OMNIPAQUE’ 


OMNIPAQUE® injection (iohexo! | 


Carcinogenesis, Mutagenesis, Impairment of Fertility: No long-term animal studies have 
been performed to evaluate carcinogenic potential, mutagenesis, or whether OMNIPAQUE can 
affect fertility in men or women 
Pregnancy Category B: Reproduction studies have been performed in rats and rabbits with up 
to 100 times the recommended human dose. No evidence of impaired fertility or harm to the fetus 
has been demonstrated due to OMNIPAQUE. There are, however. no studies | pregnant women 
Because animal reproduction studies are not always predictive of human réSeanse, this drug 
should be.used during pregnancy only if clearly needed 
Nursing Mothers: It is not known to what extent iohexo! is excreted in human milk However 
many injectable contrast agents are excreted unchanged in human milk Although it has not been 
established that serious adverse reactions occur in nursing infants, caution should be exercised 
when intravascular contrast media are administered to nursing women. Bottle feedings may be 
Substituted for breast feedings for 24 hours following administration of OMNIPAQUE 
Pediatric Use: Safety and effectiveness in children have not been established 
ADVERSE REACTIONS: Usually mild to moderate in severity. However, serious, life-threatening, 
and fatal reactions, mostly of cardiovascular Origin, have been associated with the administration 
of iodine-containing contrast media including OMNIPAQUE. The injection of contrast media is 
frequently associated with the sensation of warmth and pain, especially in peripheral angiography: 
pain and warmth are less frequent and less severe with OMNIPAQUE than with many contrast 
media 
Cardiovascular System: Arrhythmias including PVCs and PACs (3%), angina/chest pain (2%), 
and hypotension (1%). Others including cardiac failure, asystole, bradycardia, tachycardia, and 
vasovagai reaction were reported with an individual incidence of less than 0.8%. In controlled 
Clinical trials involving 900 patients, one fatality occurred. A cause-and-effect relationship between 
this death and iohexo! has not been established 
Nervous System: Pain (6%), photomas (3%), headache (2%), and metallic taste (0.8%) Others 
including anxiety, blurred vision, dizziness, fever, motor and speech dysfunction, convulsion 
lightheadedness, paresthesia, somnolence. vertigo, stiff neck, hemiparesis, and nystagmus were 
reported, with an individual incidence of less than 0.3% 
Respiratory System: Dyspnea and laryngitis, with an individual incidence of 0 1% 
Gastrointestinal System: Nausea (2%) and vomiting (0.5%). Others including diarrhea, 
dyspepsia, and dry mouth were reported, with an individual incidence of 0.1% 
Skin and Appendages: Urticaria (0.3%) and purpura (0 1%) 
General Adverse Reactions to Contrast Media: The following reactions have been reported 
after administration of other intravascular iodinated contrast media. Reactions due to technique 
hematomas and ecchymoses. Hemodynamic reactions: vein cramp and thrombophlebitis 
following intravenous injection. Cardiovascular reactions: rare cases of cardiac arrhythmias, retlex 
lachycardia, chest pain, cyanosis, hypertension, hypotension peripheral vasodilatation, shock 
and Cardiac arrest. Renal reactions. occasionally, transient proteinuria; rarely, oliguria or anuria 
Allergic reactions: asthmatic attacks, nasal and conjunctival symptoms, dermal reactions such as 
urticaria with or without pruritus, as well as pleomorphic rashes, sneezing, and lacrimation: rarely 
anaphylactic reactions. Rare fatalities have occurred due to these or unknown causes Signs and 
symptoms related to the respiratory system: pulmonary or laryngeal edema, bronchospasm 
dyspnea; or fo the nervous system: restlessness, tremors, convulsions. Other reactions flushing, 
pain, warmth, metallic taste, nausea, vomiting, anxiety, headache. confusion. pallor, weakness, 
Sweating, localized areas of edema (especially facial cramps), neutropenia, and dizziness Rarely 
immediate or delayed rigors can occur, sometimes accompanied by hyperpyrexia. Infrequently, 
“iodism” (salivary gland swelling) from organic iodinated compounds appears 2 days after 
exposure and subsides by the sixth day 

In general, the reactions that are known to occur upon parenteral administration of iodinated 
contrast agents are possible with any nonionic agent. Approximately 95% of adverse reactions 
accompanying the use of water-soluble intravascularly administered contrast agents are mild to 
moderate in degree. However, severe, life-threatening anaphylactoid reactions. mostly of 
cardiovascular origin, have occurred 

Reported incidences of death range from 6.6 per 1 million (0.00066%) to 1 in 10.000 (0.01%) 
Most deaths occur during injection or 5 to 10 minutes later, the main feature being cardiac arrest, ` 
with cardiovascular disease as the main aggravating factor. Isolated reports of hypotensive 
collapse and shock are found in the literature. The incidence of shock is estimated to be 1 out ot 
10,000 (0.005%) patients 

Adverse reactions to injectable contrast media fall into two categories: chemotoxic reactions 
and idiosyncratic reactions 

Chemotoxic reactions result from the physicochemical properties of the contrast media. the 
amount of dose injected, and the speed of injection. All hemodynamic disturbances and injuries to 
organs or vessels perfused by the contrast medium are included in this category 

Idiosyncratic reactions include all other reactions. They occur more frequently in patients 20 to 
40 years old. Idiosyncratic reactions may or may not be dependent on the amount of dose injected, 
the speed of injection and the radiographic procedure. Idiosyncratic reactions are subdivided into 
minor, intermediate, and severe. The minor reactions are self-limited and of short duration: the 
severe reactions are life-threatening and treatment is urgent and mandatory 

The reported incidence of adverse reactions to contrast media in patients with a history of 
allergy is twice that in the general population. Patients with a history of previous reactions to a 
contrast medium are three times more susceptible than other patients However Sensitivity to 
contrast media does not appear to increase with repeated examinations 

Most adverse reactions to injectable contrast media appear within 1 to 3 minutes after the ~’ 
of injection, but delayed reactions may occur 

Regardless of the contrast agent employed, the overall estimated incidence of ser 
reactions is higher with angiocardiography than with other procedures. Cardiac c 
serious arrhythmias, angina pectoris, or myocardial ischemia or infarction may 0 
angiocardiography and left ventriculography. Electrocardiographic and hemodyn 
malities occur less frequently with OMNIPAQUE than with diatrizoate meglumine 
Sodium injection 


References: 1. Schrott KM, Behrends B, Clauss W, et al: lohexol in excretory urc 
Results of a drug monitoring study. Fortschr Med 1986; 7:153-156. 2. Data on file. W 
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Fuj $ new HR Series of 
Orthoc di 
featuring 


Tews h the use of new silver halide formation 
technology and higher optimized amounts of 
spectral sensitizing dye, Fuji’s new Sigma Grain 
Technology can reduce cross-over exposure and 
light scatter in the emulsion by more than 50%! 


CONVENTIONAL FILM HR FILM 


Light from Light from 
front screen front screen 


Light scatter Light scatter in emulsion 
emutsion Y/Y greatly reduced. 
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Halide PANS A “A Sitver Halide 
Emulsion AS a ` Emulsion 
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Light from back screen also produces crossover Light from both front and back screens is utilized 
exposure and light scatter in the emulsion more efficiently, exposing their respective emulsions 


The very small (one micron mean diameter) 


£ grains are systematically arranged in the 
amuileian with their larne hexanonal faces oriented 


hnology 


toward the intensifying screen for maximum light 
absorption. The result is increased resolution and 
extremely fine grain with no loss of film speed. 


Prove it to yourself 

Simply put, the Fuji HR series of medical x-ray 
films provide the highest resolution images obtain- 
able today. Call your Fuji representative today 

toll free 1-800-431-1850. 
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